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PREFACE 


Biology is a rapidly developing branch of science. The major advances 

being made continuously affect our life on earth. Some of these important ad- 
vances are included here. 
The results of a recent survey on the attitudes towards existing literature ava- 
ilable to high school students showed that many were unhappy with the mate- 
rial used in teaching and learning. Those questioned identified a lack of the 
following: accompanying supplementary material to main text books, current 
information on new developments, clear figures and diagrams. 


This book aims to improve the level of understanding of modern biology 
by inclusion of the following: main texts, figures and illustrations, extensive 
questions, articles and experiments. It is the intention and hope of the authors 
that the contents of this book will help to bridge the current gap in the field of 
biology at this level. 


This book has been carefully reviewed and the language is considered 
suitable for students for whom English is a second language. 


To the students 


Being curious students, you may have wondered why you resemble your 
parents or why you need to breathe. In this book, I try to summarize some major 
subjects of biology. These are the most promising and perhaps the most comp- 
licated subjects of modern biology. 


Group work will greatly enhance your learning abilities as well as give 
you an opportunity to share your knowledge and experience with your friends. 
I hope that, being assiduous students, you will work hard throughout this aca- 
demic year and do your best to satisfy your scientific curiosity and, of course, to 
pass all of your exams successfully. 


The author 
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Objectives 
1- Compare between eukaryotic and prokaryotic cells. 
2- Determine the basis of cell theory. 
3- Numerate the cell organelles and their functions. 
4- Compare between cell wall and plasma membrane. 
5- Know the mechanisms of cell activities. 
6-Define the cellular respiration types. 
7- Explain the concept of both mitosis and meiosis. 


Figure 1.1 Simple microscope 
(for study) 


Figure 1.2 Types of tissues (for 
study) 


Introduction: 


The cell is considered as the basic unit of all organisms. Generally, 
there are two types of cells from a structural point of view: the prokaryotic cell, 
as bacterial cell, which lacks nuclear membrane and membranous organelles. 
The second type is the eukaryotic cell which is larger than the prokaryotic cell 
and has clear nucleus surrounded by a nuclear membrane and cell organelles. 


The cell has been the centre of interest for a long time; scientists have 
a major role in development of cytology (i.e. the study of cells). Developments 
in cell study can be briefed as follows: 


l. The cell was not known when the German scientist Antoine Van Leeuwen- 
hoek ( 1632 - 1723) invented the microscope; he could be the first who saw 
the cell. 


2. The English scientist Robert Hooke (1635 - | 703) has the same observa- 
tions of Leeuwenhoek. Hooke is the first to use the word (cell) when he exam- 
ined the structure of oak tree cortex. He described corky units and defined the 
cell as aerobic chamber similar to bee hive. 


3. The Scottish scientist Robert Brawn discovered the nucleus of the cell in 
1831 and described it. 


4, The German scientist Mutthias Sehleidein concluded that all plants are con- 
sist of cells in 1838. 


5. The German scientist Theodor Schwann concluded that all animals are 
consist of cells in 1839. 


Studies and researches into cytology have increased, particularly after 


advances in light microscope and invention of electron microscope, the study 
has become a major branch called Cytology. 


Cell Theory 


The cell theory is mainly based on the work of both M. Schleidein and T. 
Schwann, which can be briefed as follows: 


#- All organisms are made of cell or cells. 
b- Cells are the basic structural and functional units of all organisms. 


‘s č- The cellis produced from another cell by means of cell division. 


Cell Size 


Cells vary in size, for example, diameter of frog’s egg is 1 mm, it can be seen 
by naked eyes. Most cells are smaller than 1mm. 

Human egg is (100 micrometer) or less. Cells have specific specialties 
to increase efficiency of various functions. 


| The Cell 


We need microscope to see cell and micro-organisms. Cells can be seen by 
light microscope, but inner components of the cell like organelles, viruses and 
organic particles can only seen by the electron microscope. 
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Figure 1.3 Sizes of living organisms 
and their components (forstudy) 


Prokaryotic cell 


It is undeveloped cell, it is more primitive in shape and structure, and 
characterized by the followings: 


a. Prokaryotic cell has genetic material without a membrane and it is called as 
nuclear zone or Nucleoid. 


b. Prokaryotic cell cytoplasm has no membranous organelles like Golgi bodies 
and mitochondria, It has ribosome in the form of numerous small grains, which build proteins . 


ee D 


c. Prokaryotic cell is represented by blue areen algae, bacteria and Viyeu- 
plasma which all belong to kingdom Manera 


Each bacterial cell represents a prokaryotic organism. It is surrounded 
by a solid wall consist of chemical compounds (Protein, lipids and polysac- 
Remember! charides), behind this wall, there is the plasma membrane (it is a semi — fluid 
membrane) surrounds the cytoplasm, which contains the sucleeid. There are 
Bacteria differ from blue green algae no nuclei or nuclear envelope, unlike eukaryotic cells. Cytoplasm also contains 
because they have no chlorophyll ribosomes. Some types of moving bacteria have flagella, pili or both, 
pigment. Cell wall of bacteria is sur- 
rounded by capsule while blue green 
algae cell wall is surrounded by gela- Table 1-1 General appearance of bacterial cell 
tin membrane. 


- Cell wall 
- Plasma membrane 


Cell covering 


-Nucleoid 
- Ribosome 


Cytoplasm 


Suffixes - Flagella 
- Fimbriae 
- Sex pili 


Eukaryotic Cell 
Sex pilus This cell has true nucleus, found in Protists, Fungi, Plots and Animals, 
Eukaryotic cells differ in shape; some are spherical, pyramidal, tubular, 
cubic, oval, flat, astral and fusiform...ete. 


Some of these cells have varying shapes; they change from time to time 
like amoeba. Such change in shape is due to function of these cells, because 
cells often have shapes that adapt their functions. Eukaryotic cells are small and 
can only bee seen by microscope, but they are larger than prokaryotic cells. 
Generally, the cells need surface area (plasma membrane) to exchange materi- 
als with surrounding environment appropriately. 
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Endarperic celis commit of three ninjor continents: 


a- Cell wall In plant cell ond Plasma Membrune in both plant and animal cell. 
+ b- Cytoplasm 
Figure 1.4 Structure of bacteria ¢- Nucleus 
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Figure 1.5 Structure of a typical plant cell 
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Flgure 1.6 Structure of a typical animal cell 


Cell Wall and Plasma Membrane 
A-Cell Wall 
Cell wall exists only in plant cells, it is an outer thick wall surrounding 


the cell, and it covers the plasma membrane, which lies inside. Cell wall pro- 
vides protection and support to plasma membrane and cytoplasm. 


Cell wall has three layers: 
-Middle Lamella - Primary Wall - Secondary Wall 


Chemically, plant cell wall consists of cellulose in young cells, and thickens when 
lignin is added in older cells. 


B- Plasma Membrane; 
It is a cellular membrane surrounding the cytoplasm in prokaryotic 
Remember! and eukaryotic cells. It is a flexible, thin and fluid membrane unseen by light 
microscope; it can be seen by electron microscope. Chemically, the plasma 
Plasma membrane is a selectively | membrane consists of two thin layers of phospholipids with hydrophilic end 


permeable membrane; it allows and a hydrophobic end. The two layers are separated by protein particle that 
passage of some micro-particles and allows and controls passage of materials. 
blocks larger particles. 
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For your information Eyropinsm 

Cytoplasm represents the part that lies between the plasma membrane 
and the nucleus. It is a complex material consisting of (80 %) water, (15%) 
proteins and (5% ) fat, sugars and salts. Cytoplasm consists of many cellu- 
lar organelles, which stand for living structures in cytoplasm. It also contains 
non-living components represented by particles formed by activities of cell 
organelles. 


The plasma membrane sur- 
rounds the cell and marks its outer 
borders. It supports and protects the 
cell, and it blocks liquids inside and 
outside the cell. 


Living Components of Cytoplasm 
l- Endoplasmic Reticulum 


Endoplasmic reticulum has reticulate interconnected system of tubules 
and vesicles, attached to plasma membrane at certain places and attached to 
nuclear membrane at other places. Endoplasmic reticulum is the place where li- 
pids, carbohydrates and proteins are made. It is called “Endoplasmic” because 
of branches and interlocks with each other. Endoplasmic reticulum is divided 
into two types: 


A- Rough Endoplasmic Reticulum (RER) 


This type of endoplasmic reticulum has ribosomes on its tubules; they 


look rough and granular. This type has active role in building proteins. They Endoplasmic reticulum is 
help transport materials inside the cell, especially to Golgi bodies. It also acts the place where lipids, carbohydrates 
as a structural reticulum of intra-cytoplasm material. and proteins are made. 


B- Smooth Endoplasmic Reticulum (SER) 


Smooth endoplasmic Reticulum differs from rough endoplasmic re- 
ticulum in that they have no ribosome, thus, they are smooth. As in the case The smooth endoplasmic re- 
of rough endoplasmic reticulum, the smooth reticulum transfers materials in- ticulum has a vital role in detoxifica- 
side the cell and acts as a structural reticulum of intra-cytoplasm material. The tion of drugs and medications. They 
smooth endoplasmic reticulum has a vital role in detoxification of drugs and are the place for building and con- 
medications. They are the place for building and concentration of fats. Thus, centration of fats. Thus, they appear 
they appear in cells of ovary, testicles and two adrenal glands. They secrete jn cells of ovary, testicles and two 
steroid hormones, adrenal glands. They secrete sterphd 
hormones, 


Figure 1.8 Smooth and rough 
endoplasmic reticulam 
(for study) 
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2- Golgi Apparatus 


secretory 
vesicles 

It is a secretory apparatus and first described by scientist Camillo Gol- 
gi inl 898 while studying neurons. Golgi apparatus has a special location in 
the cytoplasm between the nucleus and plasma membrane. It is hard to identify 
its certain location and it differs in shape and size from one cell to another. 
Golgi apparatus consists of three chambers marked by smooth membranes, the 
first is (3 to 10) flat saccules called cisternae, the second is vesicles and the 
third is large vacuoles, Golgi apparatus has no ribosome. 


Golgi apparatus 


Golgi apparatus is called Dictyasame in plant cell, it builds cellulose 
and some components of cell wall. 


fn gaimal cell, Golgi apparatus Aux number of fictions: Figure 1.9 Structure of Golgi 
apparatus (for study) 
1- Building and secreting complex sugars 


Mitochondria are known 
as Energy houses because they 
are involved in producing ATP. 


Thus, the basic function 
of mitochondria is cellular respi- 
ration, because they have respira- 
tory enzymes. 


Figure! ll) Structure of mito- 
chondria: (A) for memorizin 
(R) for stuiky 


2- Secreting protein, which is obtained from endoplasmic reticulum but it does not 
produce protein, 
3- Secreting many materials like hormones and enzymes. 


J- Mitochondria 


They are spherical or filamentous structures (0.5 —1) micrometer 
width and up to 10 micrometer length. They distributed in different 
cells. Mitochondria are found in eukaryotic cells, they differ in size according 
to the type of cells. Mitochondria are surrounded by double layer membrane. The in- 
ner layer has curves and folds of different shapes and directions, tops of these 
curves and bends are directed towards mitochondria cavity. These structures are called 
Cristae. They increase surface area of the inner layer. 


Mitochondria are known as energy houses because they are involved 
in producing high-energy Adenosine tri-phosphate (ATP). Thus, the basic func- 
tion of mitochondria is cellular respiration, because they produce respiratory 
enzymes, 


inner outer 
membrane membrane 


4- Plastids 


They are cellular organelles in cytoplasm of plant cell. They have dif- 
ferent shapes, sizes and colours. They can be oval, calyx, spiral and astral. 
Plastids are of three types: 


a. Chromoplasts, which contain different pigments, these pigments, give col- 
ours to flowers and fruits. 


b. Leucoplasts, which are centres for converting glucose sugar into polysac- 
charide like starch or into fats or proteins. The white matter in potatoes, for 
example, results from colourless plastids and full of starch. 


c. Chloroplasts: 

They are common in plants. Chloroplast, just like mitochondria, is sur- 
rounded dual layer membrane. 
Inside the membrane, there are two structures: the Granum (pl. Grane) and 


The Cell 


the stroma. Stroma is the liquid transparent material, which fills the inner space 
of the plastid; it contains the grana, which contains chlorophyll. Chloroplasts 
contribute in photosynthesis; this process needs pigments to absorb solar energy 
, and enzymes to produce carbohydrates. These pigments (Chlorophyll) for 
example, exist on the grana membrane. CO, — reducing enzymes, which exist 
in the stroma, help chloroplasts with photosynthesis process. 


Chromoplast gives different colors 
to the fruits and flowers while leu- 
coplast converts and stores glucose 
in form of different complex organic 
material. 


Thylakold Membrane: A capsular structure formed by the inner membrane of 
the plastid. It contains chlorophyll and enzymes, which help in photosynthesis. 
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A) for memorizing (B): for study 
Figure LII Structure of chloroplast 
5- Lysosomes 


They are vesicles surrounded by mono-layer membrane. It contains 
many lysis enzymes (over 40 enzymes). These enzymes are responsible for 
digestion in the cell. Lysosomes are found in almost all cells, especially those 
that have the ability for phagocytosis, such as neutrophils. 


Lrsimnanea dave sever! factions de the cell: 


|. It cleans cytoplasm from food particles, mitochondria pieces and micro- 
organisms and other impurities. 


2. Lysosomes play a vital role in animal metamorphosis, for example frog lar- 
vae tail disappear when become adult frogs. This process is done by releasing 
enzymes from lysosomes to cytoplasm. This process digests the contents 

of the cytoplasm and finally death of the cell by a process called Autolysis. 
This process lyses bodies of living organisms after death. 


3. Lysosomes destroy the cell which contains them after death of the organism. 


4. They recycle elements in nature through autolysis. 


Metamorphosis is sudden changes 
happen in body of organism. This 
process is done by releasing enzymes 
from lysosomes to cell cytoplasm. 
This process digests the contents of 
the cytoplasm and finally death of the 
cell by a process called Autolysis. 
This process lyses bodies of living or- 
ganisms after death. 


Microtubules are major elements in 
formation of cilium, flagella and 
centrosomes. 


Microtubules 4 


Centrosome 


Figure 1.13 Centrosome 
(for study) 
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6- Cytoskeleton 


Eukaryotic cells have a distinctive system of micro filaments and tu- 
bules, which form the skeleton of the cell. These are considered as support to 
the cell maintaining its form. This system is used by many cells in moving and 
transferring organelles inside the cell. 


a-Microfllaments 


They are thin straight structures first observed in muscular cells. They 
are actin filaments, which contain actin protein, the other type is myosin, 
which contains myosin protein, and both are responsible for expansion and 
contraction of cell. 


b-Microtubules 


They are larger than micro-filaments and have tubular structures con- 
sisting of protein called tubulin. Microtubules play vital role in chromosome 
movement during cell division. In addition, they are important for cytoskeleton, 
organization and transfer of materials. They are major elements in formation 
of cilimu and flagella. Microtubules, which exist in animal, cell cytoplasm and 
other primitive organisms like algae and fungi, are situated near the nucleus 
and form the “centrosomes”. 


7- Centrosames 


The centrosome has a pair of centrioles, each of which is a cylinder 
consisting of nine triple- groups of microtubules. The centrosome duplicate dur- 
ing cell division; the two centrosomes move a part to the opposite sides of the 
cell and connect together through spindles fibres. Although centrosomes are 
not found in plant cell, yet, there is a centre for creating microtubules and micro 
filaments. 


#- Kineiorome 


It looks like centriole in structure. It is structure at the base of the cili- 
um and flagellum in cells, which contain cilium, or flagella. The kinetosome has 
a vital role in movement of cilia and flagella; it is also called basal body. 
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cross section of basal body Figure 1.14 Structure of 
8- Vacuoles kinetosome (for study) 


They are membranous sacks that exist in cell cytoplasm and vacuoles 
in some protista, whereby it is represented by contractile vacuoles which 
drain cells from surplus water and dissolved waste such asamoeba and 
paramecium. There are also temporary food vacuoles formed when food 
is surrounded by a membrane of the living organism. Food is digested inside 
these vacuoles by secreting enzymes from lysosomes inside the vacuole. As for There are 3 kinds of vacuoles: 
plant cells, the vacuoles are clearer than those in animal cells, they are small in 
young cells and wide in adult cells. They contain juices of different dissolved ~ Contractile vacuole 


materials known as Cell Sap. S a A vacuole 
= Storage vacuole 


Manr-divieg Cortei of the Col 


They are temporily contents in cytoplasm called eyloplasmic depos- 
its. They are mainly formed by metabolite materials or piled deposits. These 
deposits have several forms: 


1. Lipid droplets in fatty (adipose) tissue cells and liver cells. 

2. Carbohydrate accumulation represented by #lycogen as in liver cells. 

3. Proteins stored in glandular cells in the form of secretory granules, these 
granules are periodically released outside the cells. 

4. Deposits of pigments and colourings, some cells produce pigments as in the 
skin cells. 

5. Enzymes, hormones and some vitamins are also cytoplasmic deposits which 
are granular, spherical or oval. These materials are surrounded by membrane 
as in the case of neuro-secretory granules. 


Nucleus 
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Figure 1,15 Structure 
of nucleus (for study) 


Most cells are mono-nuclear cell. In 
some cases, the cell can be di-nuc- 
lear like cartilage cells, liver cells 
and neuron cells. 
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Nucleus 


The nucleus is the most important cell component in living organisms. 
It is essential for life; cell survival depends on exchanges between nucleus and 
cytoplasm. The cell without nucleus lives for a short time then degenerates 
like, adult red blood cells. Cell nuclei show variance in shape, this variance 
has to do with cell shape, it might be spherical or oval or lobed or irregular, 
like white blood cells. The nucleus is the largest distinctive organelle inside the 
cell and its size differs according cells. Its size depend on size of cytoplasm. 
Most cells are mono-nuclear cell. In some cases, the cell can be di-nuclear like 
cartilage cells, liver cells and muscle cells. The nucleus is central in stem cells. 
It has side or peripheral location in some secretory cells like fatty cells and 
mucous cells. The nucleus consists of the following components: 


I. Nuclear Membrane or Envelope 


It is a thin, double -layer membrane. It surrounds the nucleus and it has 
its own physical and chemical properties. It regulates exchange of materials 
between the nucleus and cytoplasm through micro pores that allow passage of 
particles, this membrane has selective permeability. This membrane surrounds 
the nucleus in all cells except for bacteria and blue green algae (prokaryotic), it 
has no nucleus but it has nuclear matter. 


2. Nucleoplasm 


It is colourless gelatinous liquid fills the nucleus where the nuclear con- 
tents are distributed. These contents include nucleolus and chromatin network. 


3, Nucleolus 


The nucleus has one or more nucleolus. For example, onion cell nu- 
cleus has four nucleoli. The nucleolus is a relatively big spherical structure 
inside the nucleus. It consists of protein and RNA. Nucleolus has vital role for 
formation of ribosome, which is responsible for protein formation. 


4. Chromatin Network 


The chromatin network is an interconnected and irregular filamen- 
tous structure. Filaments of the chromatin network appear during cell division, 
forming a specific number of rod- like structures known as chromosomes; they 
carry genes, which transport genetic features from one generation to another. 
Therefore, chromosomes are very important because of vital role in genetics, 
reproduction, development and mutation. Chromosomes can be seen only dur- 
ing cell division, the number of chromosomes differs in living things. 

Living beings have a fixed number of chromosomes in their somatic 
cells. In Ascaris lumbricades , there are 2 chromosomes only; it is the least 
number of chromosomes among organisms. The number of chromosomes in 
the Spanish butterfly is 380, 12 chromosomes in house fly, 26 chromosomes in 
frog, 80 chromosomes in pigeon and 64 chromosomes in horse. As for humans, 
they have 46 chromosomes. 


It must be noted that these numbers of chromosomes represent somatic 
cells. Numbers of chromosomes in gametes or reproductive cells is half. For 
example, human egg has 23 chromosomes, while somatic cells have 46 chro- 
mosomes, 23 X 2 = 46. It results from fusion of egg cell with sperm nucleus. 
Chromosomes have fixed size and shape in living organisms, its length ranges 
from (0.2 — 50) micrometer. 


Comparison between Animal and Plant Cells 


Animal and plant cells differ in some areas; table (1-2) shows the basic 
areas of similarity and difference between animal and plant cells from a struc- 


tural point of view. 


Table 1-2: A comparison between Animal and plant Cells 


1 Cell Wall and 
plasma membrane} 

2 Plastids 

3 Centrioles 

4 Vacuoles 

5 Cell Division 


Cell activities 


| A thin plasma membra- 


ne along with thick cel- 
lulose wall consisting 
of lignin, giving the cell 
fixed shape. 

There are chloroplasts 
associated with photos- 
ynthesis; some are Leu- 
coplasts, white plastids 
and colored plastids. 


No Centrioles, with the 
exception of some primitive 
plant cells 


Vacuoles are few in 
plant cells, large. Vacu- 
oles occupy the whole 
size of adult cell. 


During cell division, the 
cellular plate is created. 
This plate grows from 
the center outward; it is 
generated by cell pro- 
toplast. 


Thin plasma membrane 
only. 


No plastids 


Centrioles exist in many 
animal cells, has a role 
in cell division. 


There are many vacuo- 
les in animal cell, small 
in size, spread in the 
cytoplasm. 


During cell division, the 
cytoplasm bends from 
the outside and moves 
inside. 


Cells, whether plant or animal, achieve many activities, these activities 
can be summarized as follows: 


# 


Figure 1.17: diNusion process 


Permeability is exchange 

of materials between the cell and its 
environment. 

All food materials should 

have certain solubility in water to 
pass this membrane. 


First: Exchange of materials iirongh ascobranes; 


Exchanging of materials inside and outside the cell is considered the 
basic cell operation. This operation regulates cellular functions and determines 
exit of waste materials and water outside the cell. [t is essential to maintain 
biological operations of the cell and construction of living matter. Passage of 
materials is done via many ways: 


/-Diffusion 


Diffusion is defined as movement of ions and particles in a certain 
medium, from high concentration regions to low concentration regions, 


As a rule, gases like (), and CO, materials soluble in fats like hydrociartmns 
and alcohols are the soluble that can spread through bio-membranes (cell mem- 
branes) freely. This can be observed by the naked eye when capper sullides or 
Potassium Permanganates are placed in water, the coloured material spreads 
through the water when crystals of above materials dissolve in water. Colored 
material spread on a short distance and it hardly spread for a long distance. 
Distance of spreading particles is directly proportional to square root of time 
for spread. With passage of time, matter will spread all over the water. 


Water 
molecules 
(solvent) 


Dye 
molecules 
(solute) 


2-Permeahility 


It is exchange of materials between the cell and its environment by aid 
of plasma membrane. The cell can absorb food materials in an appropriate food 
medium. This does not mean that food outside the cell can all be absorbed by 
the cell. These materials must pass through the plasma membrane. In addition, 
these food materials should have certain solubility in water to pass this mem- 
brane. Similarly, excess materials and faeces should dissolve in cytoplasm to 
pass through the membrane out of the cell. 


Gercrih, mines wre dhaif according to perseabdlity frites 


1. Permeable membranes: These membranes allow passage of materials re- 
gardless of their structure and size. 

2. semi - permealle membranes; These membranes do not allow equal pas- 
sage of solutes as level of solvents. 

3. Selectively Permeable membranes: These membranes allow selective 
passage of materials according to size of their particles. 

4. Non-permeable membranes: Like nylon. It must be noted that permeabili- 
ty of plasma membrane is affected by internal and external factors. 


The Cell 
3- Osmosis 


ft is defined as movement of water particles through semi permeable 

membrane (plasma membrane) according to variance in concentri- 
Hin. Movement of water particles is done according to diffusion law, because 
osmosis is a case of diffusion. 

To clearly illustrate osmosis, we can do a simple experiment, using 

semi permeable membranes like cellophane attached at the end ofa funnel, Distilled water 

The funnel is filled with distilled water, and then placed in a glass basin. Water 
level should be the same in the basin and the funnel. 

When sugar solution is added to the funnel, water level rises in the fun- Semi-permeable 
nel. It indicates that water passes cellophane membrane to the sugar solution Membrane 
in the funnel, causing iydvestatic pressere. Water particles stop when hydro- 
static pressure becomes equal to osmotic pressure. Solutions can be classified 
according to osmotic concentration into three types; each type has a particular 
effect in the cell: 


Funnel 


ž i ‘ 
Figure 1.18 Osmosis mechanism 


a. lsotenic Solution whereby, concentration of water outside the cell is equal 
to concentration of animal cell cytoplasm, the cell neither loses nor gains water. 


b. Hypotoniec Solution: this solution has low concentration of non-permeable 
solutes compared to solutes in cytoplasm. The cell gains water, this leads to 
distention of the cell and then rupture. 


& Hypertonic Solution: this solution has high concentration of solute mate- 
rials compared to cytoplasm, thus, direction of water is from cytoplasm to the 
outer solution, this causes shrinkage of the cell. The size of plant cell, com- 
pared to animal cell, does not change when placed in high hypertonic solution 
because plant cells have cell walls. The cell membrane merely moves away from 
the cell wall, this process is called plasmolysis, it results from water leaving 
the cell, but, when the solution is added to the cell, it goes back to its previous 
state. This reversed process is called deplasmolysis, 
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Figure 1.20 Active transport 
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4- detive Transport 


Cells, sometimes, absorb materials from the outside environment, al- 
though, the concentration of these materials inside the cells is higher than out- 
side. To perform this process, there must be carriers in cell membrane. These 
carriers can move inside and outside the cell. The carrier integrates with other 
material (particle or ion) needed by the cell. 


This carrier moves to the inner surface of the membrane. The carried 
material separates inside cytoplasm. This process requires energy, which is 
supplied by ATP. 
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7% m e.’ * 
j a a. © x e : - “A ee 
° o e 
Ld ee e > / ae 


5- Phagocytosis 


Phagocytosis is cellular eating; it isa common way of eating (nutrition) 
among protista like amoeba. It is also used by white blood cells in devouring 
remaining cells and germs in the blood. This process is done when cell mem- 
brane is pouch-like that surrounds the solid matter, then this pouch separates 
from cell surface and moves inside cytoplasm. The contents are digested by the 
enzymes secreted by lysosomes in the cytoplasm. 


G- Pinucpivsis 


It is similar to phagocytosis. When a liquid material is taken, there will 
be a small invagination in cell membrane, this hole surrounds the liquid matter, and 
becomes inside a pinoeytie vesicle. This vesicle separates from cell membrane 
and moves inside the cell. 


7e Erocptosis 
This term is used to describe the releasing of some materials outside the cell. This 


process takes place in various cells to get rid of undigested left overs from 
phagocytosis, or to secrete some hormones. 


Second: Cell Metabolism 


Cell metabolism is represented by all the chemical changes, which take place 
with the help of enzymes. These changes are catabolism which means;degradation 
of materials and asabolis™ which means building new compounds, Anabolism usually 
consumes energy, while catabolism releases energy, for example, Glucose par- n 
ticle anabolised from CO, + H.O needs energy. Green plants obtain this energy ENM 
from the sun. While catabolism of glucose particle in respiration releases the membran 

energy required by the living organism in many activities. 


l- Respiration 


Glucose is the primary respiratory material; it undergoes a series of reactions 
to transform into two molecules of Pyruvie Acid during a process called glye- 
olysis. This process is performed in cell cytoplasm because there are enzymes. 
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(A) Phagocytosis 
Gipeatpsts is sanmariced ax follies; 
1. Glucose molecule activation (6C) by phosphorylation to transform into glu- 
cose- 6 - phosphate, the process consumes | molecule of ATP. s 


2. Glucose -6 - phosphate (6C) is transformed into fructose mono-phosphate 
(6C) by means of a specific enzyme. 


3.Fructose -6 - phosphate (6C) is activated by a second phosphorylation to = # 
transform into fructose di-phosphate, this process consumes | molecule of ATP. 


4. Fructose 1.6 bi-phosphate molecule (6C) splits into two glyceraldehyde 3- phosph- pa 
-ate molecules, because of this fission (split). a 

f ; i, ( B)Pinocytosis 

5. Each Glyceraldehyde 3- phosphate molecule is changed into pyruvic acid s 

(i.e. becomes two pyruvic acid molecules). Although, four ATP molecules re- Figure 1.21 : Phagocytosis 

sult from this transformation, two of them are consumed in phosphorylation, process 

thus, the gain is two ATP molecules. 


6. If respiration is anaerobic, the pyruvic acid has either alcoholic fermentation 
or lactic fermentation in cell cytoplasm. 


However, if the respiration is aerobic, the Pyruvie weld turns into 
(Acetyl Co- A) which reacts in a cycle called as Krebs Cyete in cell mitochon- 
dria. Below is a description of #eroblie and anserebit respiration reactions: 


First: Anwerohic Respiration. It includes: 


a. Aleaholic Fermentation: 


It takes place in yeast and green plants due to lack or absence of O,, 
and in some types of bacteria. The pyruvic acid is oxidized by taking CO, 
molecule, and then reduced by hydrogen from glycolysis, turning it into Ethanol 
alcohol, as in the following equation: 


CeH,,0, 


Glucose 


Glycolysis 


li 
——> 2CH,-C-COOH ——> 2CH,-C-H 


Oxidation li 
Pyruvic acid By COo Acetaldehyde 
2 


Reduction by hydrogen 


2ATP + 2 CH,CH, OH 2 (2H) from glycolysis 
Ethyl alcohol 


b, Lactic Acid Fermentation 


It happens in muscles and kinds of bacteria (lactic acid bacteria) during 
which the pyruvic acid resulting from glycolysis is reduced by means of hydro- 
gen also resulting from glycolysis; as a result it change to lactic acid as in the 
following equation. 


Glycolysis 


l 
C,H,0, 2CH,-C- COOH 
Glucose Pyruvic acid 


OH 


| 
2ATP + 2CH.-CH - COOH 
Lactic acid 


Reduction by hydrogen 
“2, 2H, from glycolysis 
Second: Aerobic Respiration 
When the pyruvic acid turns into Acetyl Co-A due to glycolysis, Acetyl Co-A 
enters in Kreb's cycle, in a series of reactions that release the whole energy: 12 


ATP in each cycle. To brief, energy released from oxidizing one-gram molecule 
of glucose sugar during aerobic respiration is as follows: 


. 2 . 
p s 


Energy Gain from Glycolysis 


From Krebs two-Cycles 


Transforming Molecules of Pyruvic Acid into Acetyl CO-A 


From2(2H)resulting from glycolysis after passing through electron 
transport chain 


Ihe Cell 
Anabolinn: Reduction of CO, 


CO, is one of the major outputs of aerobic and anaerobic respiration, 
although respiration is considered as catabolism, yet it produces chemical energy 
that stored as (ATP). This energy is used in many important activities like 
muscle movement. This energy is also used to form complex biological 
materials as a chemicalprocess, Plants reduce CO, in the form of organic materials 
using solar energy, as you know; plants absorb CO, using water and solar 
energy to produce carbohydrate materials. terials. This reaction is called 
terials. This reaction is called CO, reduction. This reaction forms all complex 
organic molecules, thus, this process is considered as anabolism of organic 
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Chapter - 1 


Cell Division 


Cell division is considered as one of the complex processes, which mul- 
tiply (increase) the genetic matter qualitatively, and ensure homogenous distri- 
bution among the resulting cells. There are three types of cell divisions: 


Amitosis 


In this type of division, the cells divide without clear nuclear or cyto- 
plasmic changes. The nucleus or nuclear matter and cytoplasm constricted and 
then split to form two cells, each of which contain part of the original nucleus 
or the nuclear matter and part of the original cytoplasm. This type of division 
occurs in bacteria and blue green algae. 


Mitosis 


Mitosis is defined as cell division inwhich both of new cells 


have the same number and quality of chromosomes of the mother cell 


Mitosis requires doubling of each chromosome to form two identical 
and adjacent chromosomes as if they are one chromosome. When cell division 
starts, the two chromosomes part from one another and separate in advanced 
phases. Division of nucleus is followed by eytwhinesis. For example, human 
cell has 46 chromosomes. They duplicated before division to be 92 chromatids. 
when division completed,4é6 go to one cell; the other 46 go to the second cell to form 
chromosomes of the new cell. This process continues every time. 


Cell division undergoes four phases, preceded by interphase. The cell 
goes through this phase before cell division. It is noted that, during this phase, 
the nucleus is relatively large compared to nuclei in divided cells. In addition, 
during this phase, the cell creates large molecules of nucleic acids and proteins 
as preparation for division. This phase is characterized by doubling DNA. The 
centrosome also doubles during this phase. 


is for We four preses, pens h follo Are inmierphase, iep ore; 


Phase one: Prophase 


The chromatin network is marked into a number of chromosomes, 
which looks thick. It is divided into two sister chromatids, These sister chro- 
matids are connected to each other at their centromeres, They form the subse- 
quent chromosomes. 


The centrosomes that are formed in the interphase, directed to oppo- 
site directions toward to the cell poles. The centrosomes extend astral filaments 
(aster). Spindle filaments are formed between them. The nucleolus and nuclear 
membrane disappear at a later stage of this phase. 


Phase neo: Metaphase 


Chromosomes shrink and thickened at this phase. They are located at 
equator line of cell. Chromosomes attach to spindle filaments fibers by their 
centromere. 


Phase Three: Anaplase 


At this phase sister chromatids which formed in interphase, separate 
from each other and move in opposite directions of the cell. Mechanism of 
chromosome movement is not fully uncovered; however, there are explana- 
tionss of that: 


a- Spindle filaments are thought to shrink when there is ATP; and they pull 
chromosomes toward the poles. 


b- Spindle fibers form a path so that chromosomes slide on these threads to- 
ward the poles. 


Phase Four: Teloplhase 
The final phase starts when the chromosomes reach the opposite poles 
of the cell. Then the chromosomes back to their micro-filaments shape. They 


appear as chromatin network and nucleus division ends. 


Nucleus division is followed by cytokinesis. 


Animal cell shows difference in cytokinesis compared to plant cell. In 
animal cell, cell membranes constricted near cell equator line, through time, this 
curve and constriction increases gradually until the cell divides into two new cells, each | 
containing a nucleus. 


In plant cell, cytokinesis starts when cell plate formed at cell equa- 
tor. This wall is secreted by cell protoplasm. Then each new cell starts 
forming its own cell wall from its side, this process results in two new cells. 


It must be noted that time for cell division varies according to type of t 
cell, tissue and age of the organism. Furthermore, each division phase has cer- 
tain period. This period depends on events, which occur in each phase. “i 


It is found that, division phases in human cells, prophase lasts (30-601 
minutes, metaphase (2) minutes, anaphase (3-15) minutes, while telophase 
lasts (40-61) minutes, It is also noted that division time of neuron lasts 130) 
minutes during embryonic phases, while division of adult neurons is rare be- 


eaten ne Figure 1.22 mitosis (for stud 
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Figure 1.23 Stages of Mitosis 


Meiosis 


Meiosis aims to maintaining a fixed number of chromosomes for var- 
ious species during succession of generations where gametes, (eggs, sperms)in 
animals and spores in plants are created. 

Meiosis is two successive divisions of the cell. During this division, 
the number of chromosomes is reduced to half the number of somatic chromo- 
somes. When two nuclei of two cells or gametes are fused to form first embry- 
onic cell,which contains complete number of chromosomes (2n) 


ihe Cell 


Meiosis is Preformed through two nuclear divisions, the first separates 
homologous chromosomes, and this division includes four phases: 


Prophase 1 

Metaphase 1 
Anaphase 1 
Telophase 1 


As for the second division, the two chromatids of the chromosome are separated, 
each chromatid moves to cell pole. 
The second dinison, 1s similar bo first division, tt inctuiles fur successtee phases 


Prophase 2 
Metaphase 2 
Anaphase 2 
Telophase 2 


Below is a description of both divisions: 
First Meiosis Division: 
a. Prophase 1: 


This phase is slow; it includes five stages with special features: 


Leptotene: Chromosomes at this stage are single, long and thin filaments like beads. 
They look like necklace, the [i A (genetic material) doubled in each chromo- 
some. 


Zygotene: Homologous chromosomes align and double. Then, 

they bend on each other; this process is called Synapsis. The doubled chromo- 
somes are called “bivalent”, this process is distinctive in meiosis, because it 
does not occur in mitosis, 


Pachytene: Chromosomes condense, thicken, and shorten. Each 

chromosome double into two clear chromatids, attached to each other via their 
centromeres. Each two chromatids of the same chromosome are called sis- 
ter chromatids. At this stage, each pair of homologous chromosomes form a 

bundle of four chromatids, this bundle is called Tetrad. For example, human cell, 
at this stage, has 23 tetrads and 92 chromatids total. 


In addition, there is an exchange of genes locations between 
identical chromosomes; this process is called Crossing Over. 


Diplotene: Homologous chromosomes keepaway from each other 
non-sister chromatids remain attached by one or more points, these connection 
points are called chiasmata, Number and location of chiasmata differ from 
chromosome to another and from one cell to another. Non-sister chromatids are 
exchanged at each chiasmata point. 


Ci er- jl 


Diakinesis: This is the last stage of the prophase at which chromosomes (chro- 
matids of homologous chromosomes) shorten and thicken more. The nucleolus 
and the nuclear membrane gradually degradated. Locations of chiasmata move to the 
far end of the chromosomes, thus, chiasmata number decrease. 


b Metaphase | 


At this phase, homologous chromosomes align at cell equator in the 
form of bivalent chromosomes groups. centromers start to appear, and the 
spindle appears attached to. 


ednas 


At this phase, homologous chromosomes separate and move in op- 
posite directions toward cell poles. Chromatids of each chromosome remain 
attached to each other at their centromeres. 


il Tefopinane f 


New chromosomes gather at the poles, spindle filaments often disappear at 
this phase. The nucleolus and nuclear membrane, which surround chromosome 
groups, start forming; this group is haploid because it contains half of total num- 
ber of chromosomes. Nuclear division is followed by cytokinesis, as in the case 
of mitosis, thus, the two new cells are formed. They are ready for the second 
meiosis. 


Second Meiasis Division: 


a. Prophase 2 


The number chromosomes in each nucleus in the prophase2 is half the 
total number of chromosomes, thus, it differs from mitosis in which the nucleus 
has total number of chromosomes, At this phase, the chromatids are far apart and 
might differ in structure because of the crossing over at pachytene stage of the 
prophasel. 


b. Metaphase 2 


At this phase, the chromosomes are located at the equator plate of the cell; it is 
attached by spindle filaments through their centromeres. 


Each chromosome is made of two chromatids. This phase differs from met- 
aphase 1 in that chromosomes are made of four chromatids.while chromosomes 
in metaphase 2 are made of two chromatids. 


e, dnephase 2 


At this phase, chromatids of each chromosome split when their centro- 
somes are separate. Each chromatids represents a chromosome with independent 
nuclei moving towards one pole of the cell by spindle filaments. 


d. Telophase? 


At this phase, chromosomes gather at cell poles, they get longer and 
thinner, chromatin matter appear as fine threads (micro filaments), then the 
nuclear membrane and nucleoli emerge to form two new nuclei out of one 
original nucleus. 


In some plant cells, the cell plate is formed through the spindle, and 
then becomes middle lamella, then cell wall. As for animal cells, cytoplasmic 
membrane is generated between the two new nuclei to separate them. 


When the first and second meiosis division ends, the total outcome 
is four cells with haploid chromosomal group. Meiosis occurs in testes and 
ovaries when gametes are formed in animals, and it occurs in plant cells when 
epps and pollen formation, although there are some differences which will be 
discussed later. 


- Two identical cells form by each | - Four non-identical cells form by 
division each division. 


- Genetically identical cells formed | - Genetically different cells formed 


- Number of Chromosomes in new 


HEEB OF CANO Moape ah POs cells is half those in mother cell 


new cells similar to mother cell 


- In somatic cells - In reproductive cells 


- Division occurs after sexual ma- 


- Division Occurs during cell life x 
turity only. 


cycle continuously 


- This division is used for growth, | - Division is used in sexual repro- 
repair cells and asexual reproduc- | duction and having new members 
tion. of that species. 


Table 1.4 A comparison between mitosis and meiosis 


gii 1.24 Meiosis 


Prophase 1 Nucleus 


Nuclear 
envelope 
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Review 


D. Write the scientific term foreach of the followings, 


D PAETAE T N is a colourless liquid that fills the nucleus. 

EE T a sphere structure inside the nucleus consists of protein and RNA. 

kere ere ree movement of water molecules through selectively permeable membrane according to the difference 
in concentration. 

re eee operation of removing some material from cytoplasm to outside of cell. 

T E OET organelles are centers of conversion of glucose into different polymers. 

EE T a structure located at the base of flagella or cilia in the cells which contains flagella or cilia . 

Tiegh sea eed legate ona beet a liquid transparent material fills the internal spaces of the plastids. 

e PE is the way of swallowing the remaining of the cells and germs in the blood by the white blood cells. 

Oo E E E is a group of chemical changes which happens in the cell by enzymes. 

TO Soare is the operation of cell division without clear nucleic and cytoplasmic changes. 


(1.2 Explain the followings. 


. There are a large number of mitochondria in the muscles. 

. There are lysosomes in the neutrophils. 

. There is an important role of centrosomes in cell division. 

. Presence of certain enzymes in the green plastids facilitate the photosynthesis. 

. The plant cell under the microscope is clear border. 

. There are cristae in mitochondria. 

. The main function of the mitochondria is cellular respiration. 

. The nuclei of cells vary in shape and this is related to the shape of the cell. 

. The cells areusually absorb some materials from external media inspite of the concentration of these materials inside the 
cell is higher than outside. 

10. The procedure of installing carbon dioxide (CO,) regarded as organic anabolism. 


O eATIA mM BW N = 


35 Surround the letter which indicates the correct answer for cach of the followings; 


1. The first scientist who used the word (cell) is: 
a- Van Leeuwenhoek b- Robert Hooke c- Robert Brown d- Theodor Schwann 


2. The two scientists who set the cell theory are: 
a-Matthiasand Robert Hooke b-Robert Brown and Theodor Schwann 
c-Theodor Schwann and Robert Hooke d-Matthias and Theodor Schwann 


3. The Endoplasmic Reticulum contribute the following except: 
a-wrapping protein b-transferring materials between the cell parts 
c- produce some types of fats d-store proteins and fats 


4. Golgi Apparatus is called Dictyosome which is available in: 
a-animal cel] b-bacteria cell c-plant cell d-lymph cell 


5. The location of nucleus in the embryonic cells is: 
a-central b- lateral c- surrounding d-superficially 


6. The movement of molecules and ions within certain media from high concentration to low concentration is called: 
a- osmosis b- diffusion c- permeability d- phagocytosis 


7. The organelles that plays important role in Metamorphosis in animals are: 
a- centrosomes b-mitochondria c-vacuoles d- lysosomes 


8. Vacuoles have the following properties except: 
a-more clear in plant cells b-small in the young cells 


c-It has important role in the movement of flagella and cilia d-contain cell Sap 


9. The shape of the nucleus of white blood cells (leucocytes) is: 
a-sphere b-oval c-clove d-irregular 


10. The number of nucleoli which the nucleus of onion cell contains: 
a-five b-four c-three d-two 


11. The proteins in the cytoplasm of the cell forms by: 
a-mitochondria b- ribosomes c-Golgi Apparatus d- lysosomes 


12. The number of the chromosomes in sexual cells for Spanish butterfly are: 
a-@15) b-054) c-(90) d-69) 


13. The common way of feeding in Amoeba is: 
a- pinocytosis b- phagocytosis c- parasitisim d- plasmolysis. 


Q.4. Complete the following sentences: 


z= 


. Changes in the shape of some cells are due to... ccnn 
. The main contents of eukaryotic cell determined by the following: 


2 y 
Ss 
O 


3. Golgi apparatus in the plant cell called ..........00.......0008 

4. Endoplasmic Reticulum which lack the ribosomes describes as ........... 2.22.20. 2c e eee eeeeeeeteeereeenees 

5. There are cases the cells can be bi-nucleus as in ...............4. E EEEE ANd eeriiieiienani 
6. Inside the membrane of plastids there are two important structure:  ............ ANG ss vncassan ervey 
7. Cell wall consists of three layers : ..... 00. .....c cee EE ETETE ANI EAE E AEE 

8. Golgi apparatus consists of three compartments, they are; ................ EEEE ANG seos 

9. Lysosomes contains large number of enzymes which is responsible for ..................2.24 


10. Cell metabolism includes the process of ..................0044 which takes place in..................00. and the process of 
pens eens con chee which performed by .............. 


Ihe Cell 


5; Answer the followings: 


1. Arrange the following scientists according to the order of their discoveries: 
Robert Hooke, Mathias Schleidein, Theodor Schwann, Van Leeuwenhock, Robert Brown. 


2. Complete the two columns the second and third in the following table with mentioning the structure and the function 
of each organelle in first column: 


Endoplasmic reticulum 


Golgi apparatus 


Mitochondria 


Plastids 


Lysosomes 


Plasma membrane 


3. Compare between the followings: 


* Rough endoplasmic reticulum and Smooth endoplasmic reticulum. 
e Semi Permeable membrane and selectively Permeable membrane. 

e Centrosome and kinetosome. 

e Pinocytosis and Phagocytosis. 

e Telophase 1 and Telophase 2. 
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Objectives 

1- Classify the plant tissues, and determine the 
characteristics of each type. 

2- Determine the types of vascular tissue in plant. 

3- Compare between the xylem tissue and phloem 
tissue. 

4- Classify the epithelial tissue in human. 

5- Determine the location of each type of epithelial 
tissue. 

6- Classify the connective tissue in human. 

7- Define the intracellular substance . 

8-Compare between proper and specialized connective 
tissues. 

9- Define the muscular tissue. 

10 -Compare between muscles tissue types. 

11-Define the nervous tissue. 

12-Determine the components of nervous tissue. 


Chapter -2 


Introduction 


Organisms differ in their body structures. Some of the organisms con- 
tain only one cell such as bacteria, certain types of algae and fungi, Amoeba, 
Evglene and some other types. These types of organisms are called “L nicel- 
lular Organisms”. The bodies of some other types of organisms consist of 
many specialized cells; which function connectively in the form of functional 
tissues within the organs. These tissues function, one with another, in a great 
harmony to build the body of the organism. The cells of a tissue may be diverse 
sometimes. Also, large quantities of intercellular substance may form in some 
tissues. 


A tissue can be defined as a group of similar cells which are all spe- 
cialized to perform a certain function in addition to certain cellular resultant 
substances. The study of tissue is known as histology. 


Plant Tissues 


Plant tissue is a group of cells that vary in shape and size but are con- 
nected to each other to perform certain function. 


The body structure of the early plants consists of one cell only as in 
some types of unicellular algae.This cell has the capability of performing various basic 
functions, such as nutrition, reproduction, etc., on the other hand the advanced 
plants, have a huge number of different types of cells in their bodies, which 
form various types of tissues perform the various plant functions. 


Formation and Distribution af Plant Tissues 


The various types of tissues that build the different organs of the plant 
are developed from the cells or the Meristematie tissues, which lie basically 
at the growing points of the roots and stems of the mature plants. These 
tissues are known as “Apical Nleristematic Tissues”, Meristematic tissues 
may also exist in other locations in the body structure of the plant such as at the 
bases and top points of nodes and at the base of the leaves, which are known as 
Intercalary Meristematic Tissues. There are also other tissues that occur par- 
allel to the longitudinal axis of plant body and they are called “Lateral Meristematic 
Tissues”, 


The Meristematic tissues turn gradually to become permanent tissues 
as in the case with the tissues of the growing apex and top or lateral 
buds. The meristematic tissue does not usually transform entirely. A Meristem- 
atic part of this tissue, however, stays for regeneration. 


Classification of Plant Tissues 


The different types of tissues that build the plant body divided into four 
major types. 


Meristematic tissue Plant parts of high cel- 


lular division 


Cell division and plant 
growth 


Ground tissue Roots, stems and leaves | Forming internal tissue 
in the form of the cor- | masses in roots, stems 
tex, pith and pith rays and leaves 


Epidermis Different parts of the | Forming the dermis whi- 
plant ch has many functions 
like providing plant 
protection, exchange 
of gasses and water ab- 
sorption. 
Vascular tissue Different parts of the] Including phloem and 
plant which contain xy- | xylem tissues. Their 
lem and phloem basic functions are to 
transport water and nut- 


rients, storage and sup- 
port 


Meristematic Tissues 


The undifferentiated cells of this tissue are characterized by their ability to 
divide actively and rapidly. This tissue occurs in the plant parts where growth 
takes place. This growing process leads to: 


a- Elongation of roots and stems. 
b- .Buds growth. 
£- Thickness of roots and stems. 


Generally, the meristematic tissue does not stop functioning, though its func- 
tions may stop in certain parts of the plant. 


The meristematic tissue occurs in three types of tissues: 
e Apical meristematic tissue. 


e Lateral meristematic tissue. 
e Intercalary meristematic tissue. 


Table (2-1) Illustrates these 
four types of tissues in higher 
plants (flowering plants). 


Table (2-2) illustrates the three 
types of meristematic tissues 
with their location and function. 


Figure 2.1 Growing levels of 
plant tissues (for study) 
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Apical Meristematic 
Tissue 


It is found in the tips of | It gives growth in the 
the roots and stems of] tips of the roots and 
| stems of the plant 


Lateral Meristematic 


Tissue 


It is found in the parts of | The secondary growth 
the plants which are re- | and thickness in plants. 
mote from the growing | The vascular cambium 
tips, i.e. the lateral side | produces the secondary 
of the plant extending | phloem and xylem. The 
parallel to the outer | cork cambium produces 
periderm of the plant | the periderm. 

body. It consists of Vas- 

cular and cork Cambium. 


It is found between the 
permanent tissues of the 
plant and is far from the 
growing tips as in 
the internodes of many 
monocotyledon plants. 


Intercalary Meriste- 
matic Tissue 


It allows elongation 

| in the nodes 

of the plant. In grasses, 
| it is responsible for the 
rapid regrowth in the 
| mature leaves. 


Primary xylem s 
vascular cambkšsm— ~ 
Primary phioem ——~ 


Cortex 


Secondary xylem = 
(2 years growth) ~~ 
Vascular cambium- 

Secondary phloem. 
Bark- Cork cambium — 
Cork 


x /, f 
// 
/ 


Ground Tissue 


It is the tissue in which the cells differentiate to develop the permanent 
tissues in the plant body. It forms internal tissue masses in the roots, stems and 
leaves in the form of cortex, pith and pith rays. The permanent tissues in the 
plant body differentiate to the following types: 


a- Parenchyma 


The parenchyma cells are living cells. They have thin cell walls and 
they are often polygonal or spherical in shape due to the pressure of the neigh- 
boring cells. There are intercellular spaces between cells. The parenchyma 
cells may contain plastids which may be chloroplasts. Thus, the parenchyma 
cells are called cħlorenchyma. Parenchyma cells have several functions, the 
most important of which are yeutilation, storage and delivery of nutrients. 


b- Colleonchyara 


The collenchyma tissue consists of living elongated cells with irregularly thickened 
walls. These tissues occur in the woody parts of plants. They also exist in the 
mature organs of the herbal plants. 


Collenchyma tissue is the primary supporting tissue in many stems and 
leaves, especially the mature ones. The collenchyma tissues rarely occur in the 
roots and leaves of monocotyledon plants. The main function of collenchyma 
tissue is to provide structural support and strength. The thick walls of the 
cells and their distribution assist this tissue to do these functions. 


e- Selerenchyma 


Sclerenchyma tissue is composed of dead cells with extremely thick 
cell walls because the cells have lignin. The cells of the sclerenchyma tissue 
are highly differentiated. They differ from each other in shape, origin, compo- 
sition and formation. The main function of this tissue is to provide structural 
support. 


There are hie Pues anf re ference tn mer cells 
a- Fibers 


The cells of this type are long and cylindrical. They found individually or in 
bundles in the parts of the plant body which need support. 


b- Selereids 


The cells are relatively short. They occur in some kinds of fruits such as pears 
and quinces. 


Figure 2.2 Parenchyma 
tissue (for study) 


Figure 2.3 Collenchyma 
tissue (for study) 


Figure 2.4 Sclerenchyma tissue 
(for study) 


Figure 2.5 Xylem tissue and 
tracheids (for study) 


Epidermis 


It is the tissue that covers the plant body and forms the permanent 
dermal tissue. The epidermis is a single-layered group of thickened cells that 
covers the primary body of the plant. The epidermal cells are flat and tightly linked 
to each other. There are no intercellular spaces among the epidermal cells. The 
epidermis serves many functions; it protects the plant body and regulates gas 
exchange (by pairs of guarding cells) and water alwerption. 


Vascular Tissue 


The vascular tissues are specialized for transporting water and nutrients 
throughout the body of the plant in addition to providing structural support. 
The existence of vascular tissues is one of the most distinguishing features of 
most kinds of plants. The vascular tissue includes «vlem tissue and [shlown 
tissue, 


ü- Xylem Tissue 


The xylem tissue is derived from rectangular meristematic cells. Dur- 
ing their development, the meristematic cells elongate and have great increase 
in size. When they reach maturity, they start to lose their living components and 
finally become dead cells. 


The xylem tissue is composed of various components which differ 
in structure and function. These are ssfem vessels, tracheids, sylem Nhers 
and parenchyma. Xylem vessels differentiate into many types. These types 
vary according to the way of thickness (roughness). The tracheids are charac- 
terized by their pointed endings which distinguish them from xylem vessels. 
The xylem vessels and tracheids are specialized in transporting water with all 
the dissolved nutrients. 


Xylem 


elements 


Xylem 


Trachexis 


b- Phloem Tissue 


The phloem tissue is composed of several types of cells. These types of cells 


are Sleve Tubes, Companion Cells, Phloem ibers and Phloem Pacenchy tus. Sieve tube 
All these types of phloem cells have some features in common; they are all spe- Companen 
ce 


cialized in transporting nutrients produced by the leaves, except for the fibers 
which have the function of providing structural support. 
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Vascular tissue: 


a- Xylem 1-Xylem vessels 
2-Tracheids 
3-Xylem Parenchyma 
4-Fibers 


-Transporting water an 
minerals. 

-Storage. 

-Structural support. 


b-Phloem l- Sieve tubes 
2-Companion cells 
3-Phloem fibers 
4-Phloem Parenchyma 


-Transporting the orga- 
nic particles throughout 
the plant body. 
-Transporting carbohyd- 
rates from/to the sieve 


tubes. Table (2.3) Types of Tissues and 
-Structural support Cells in Plant Body 


Animal Tissue 


As in the plant tissue, the animal tissues are composed of a group of 
identical cells which are specialized in serving certain function. The cells of 
a tissue may sometimes differentiate and the intercellular substance may also 
vary from one tissue to another rather than the variance in chemical composi- 
tion. Animal tissues can be grouped into four basic types: 


l- Epithelial Tissues. 2- Connective Tissues. 
3- Muscular Tissues. 4- Nervous Tissues. 
Epithelial Tissue: 


Epithelial tissue is the tissue that covers the surface of the organism 
that comes in contact with the external environment and lines the body cavities. 
Epithelial tissue forms the glands. It has the following distinctive features: 


a- Epithelial tissue is represented by a continuous sheets of cells lined up in one 
raw or more. 
b- All epithelial cells rest on basement membrane. 
c- Epithelial cells are seperated by little intercellular space and almost 
have no intercellular substance. The cells endings are attached to 
each other at many locations by “fell jiumetion ” ( plasmic junction ) . 
The epithelial tissue is classified into two basic types according to the number 
of layers composing the tissue: 


1- Simple Epithelial Tissue. 
2- Stratified Epithelial Tissue. 


FIRST: Simple Epithelial Tissues 


The simple epithelial tissue is composed of one layer of epithelial cells which 
rest on basement membrane. It is classified into several types according to the 
shape of its cells: 


1.Simple Squamous Epithelial Tissue] 2.Simple Cuboidal Epithelial Tissue 


3.Simple Columnar Epithelial Tissue | 4.Pseudo Columnar Epithelial Tissue 


T- Simple Squamous Epithelial Tissue 


a- This type of epithelial tissue is composed ofa single layer of flattened cells 
which have a polygonal appearance with a central flat nucleus. 

b-The epithelial tissue covers the inner lining of blood vessels, body cavities, 
lung vesicles and Malpighian Corpasetes. 

e-The cells of the simple squamous epithelial tissue serve the functions of dif- 
fusion and filtration. 


Free surface 
L Nucleus Free surface 
Basement membrane Nucleus 


Simple squamous Basement membrane 


epithelial cell Simple squamous 
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Figure 2.7 Simple squamous 
epitheial tissue (for study) 
2-Simple Cobonial Epithelial Tissue 


a- This type of epithelial tissues is composed of a single layer of cube-like cells 
which have quadrangular appearance with large spherical central nuclei. 

b- This tissue is found on the inner lining of the kidey tubules and found in some 
glands such as the salivary ghomds. 

c- The simple cuboidal epithelial tissue performs seeretion and alserption. 
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Figure 2.8 Simple Cuboidal 
Epithelial Tissue (for study) 


S-Simple Columnar Epithelial Tissue 


a- The cells of this type of epithelial tissues line up in long columns. They tend 

to take a rectangular appearance in their sections. The nuclei of the cells are 
oval-shaped and take a very close location to the basement. 

b- This tissue lines the inner lining (endothelium) of the intestines and found in 
some glands. 

c- The simple columnar epithelial tissue serves the functions of protection, 

secretion and absorption. 


Mucus in 
goblet cell ianaibtek Figure 2.9 Simple columnar 
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4Preade-ateatified Colummear epithelial Tissue 


a-This tissue comprises more than one type of cells. The cells’ nuclei are 
located at different levels, thus suggesting that the tissue is composed of several 
layers. All the cells of this tissue rest on the basement membrane and the free 
surface of the cells may be provided with cilia, in which case may be referred 
to as “Cilinted Pseudo-stratified columnar epithelial Tissue”. 
b- This type of epithelial tissues is found in the endothelia of the trachea and 
the big ducts of salivary glands. 
c- The main functions of this tissue are protection and secretion. 
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Free surface 
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Figure 2.10 Pseudo stratified columnar 
epithelial tissue (for study) 


Simple squamous -Endothelium of blood Diffusion. 
epithelial tissue vessels. -Filtration. 

-Endothelium of the 

body cavities. 
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vesicles. 

-Endothelium of Malpig- 

hian corpuscles 


Simple Cuboidal epit- |-Endothelium of kidney |-Secretion. 
helial tissue tubules. Absorption. 
-found in salivary 
glands. 


Simple columnar -Endothelium of intesti- |-Protection. 
epithelial tissue nes. -Secretion. 
-Endothelium of glands. Absorption. 


Table (2-4) illustrates the types 
of simple cpithelial tissues with 


the location and function of each. - — - - - 
Pseudo-stratified Co- |-Endothelium of trachea. |-Protection. 


lumnar epithelial tis- |-Endothelium of big du- |Secretion. 
cts of glands 


SECOND: Stratified Epithelial Tissue 


The stratified epithelial tissue comprises more than one layer of cells. It is 
found in areas where friction occurs, thus protecting and preserving the internal 
organs which it covers or lines. 


1. Stratified squamous epithelial 2.Stratified cuboidal epithelial tissue 
tissue 
3Stratified columnar epithelial tissud4-Transitional Epithelial Tissue 


Stratified Squamous Epithelial Tissue 


a- The stratified squamous epithelial tissue is composed of more than one layer 
of cells. The base layer of cells is columnat or cuboidal and is rested upon the 
basement membrane. The cells in the middle layers are polyhedral whereas the 
cells in the surface layers are flattened and squamous. These cells may also be 
keratinized as in the case of the outermost layer of the skin (epidermis) 

b- It forms the inner lining of the mouth and esophagus. 

c- It serves the function of protection. 
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Figure 2.11 Stratified Squ- 


- = =— membrane 
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P. n © study) 


2-Giratified Cuboiidal Epithel! Tissing 


a- The cells of the surface layer of this tissue take the cuboidal appearance. 
The cells in the middle and basal layers are similar to the cells of the stratified 
squamous epithelial tissue. 

b- This tissue covers the internal surface of theaweat gland duets and siim- 
iniferous tubules. 

t- The main functions of this tissue are secretion and protection. 


Basement 
membrane Figure 2.12 Stratified Cuboidal 
Connective Epithelial Tissue (for study) 


tissue 


Sweat gland 


JSrusfied Columner Epithelial Tissue 


The surface cells of this tissue are vertical epithelial whereas the basal and 


middle layers cells tend to be polyhedral and usually smaller. 


b- 


This tissue is found in the lining of male urethra. 


c- The major function of this tissue is protection. 


Figure 2.13 Stratified Columnar 
Epithelial Tissue 
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4-Transitional Epithelial Tissue 


a- This tissue is a special stratified epithelial tissue. The surface cells of this 
tissue are big with a domed apex and one or two nuclei. The middle layer cells 
are polyhedral and the basal layer cells are cuboidal in appearance and reside 
on basement membrane. The cells of the transitional epithelial tissue have the 
ability to change their shape, thus, making the tissue extremely appropriate to 
line the inner walls of the organs which can contract and expand. 


D- This tissue is found in the liner of the urinary bladder, ureter and 
kidney pelvis. 

č- The major function of this tissue is protection. It allows the organs which it 
lines to contract and expand without causing any damage to the cells. 
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Figure 2.14 Transitional Epithelial Tissue 


Stratified Squamous | -Lining of mouth. -Protection. 
Epithelial Tissue -Esophagus. 
-Skin epidermis. 


Stratified = Cuboidal | -Sweat glands ducts. -Protection. 
Epithelial Tissue -Seminiferous tubules. | -Secretion. 


Stratified ©Columnar | -Lining of urethra. -Protection. 
Epithelial Tissue 


Transitional Epithelial | -Urinary bladder. -Protection. 
Tissue - Ureter. -Contraction and expan- 
- Kidney Pelvis. sion of organs. 


Connective Tissnes 


The connective tissue is the tissue that connects and supports the different parts 
of the body, thus, it is referred to be as “Supporting Tissue”, The connective 
tissues consist of: 


a- Cells. 
b- Fibers. 
c- Intercellular Substance, which is called “Matrix”. 


A-Cells of Connective Tissues 


The cells of the connective tissues are separate from each other. There are sev- 
eral types of these cells and they serve various functions. The major types of 
the connective tissue cells are: 


1- Fibroblast 


a- This type of cells is the most common type in the connective tissues. These 
cells are characterized with their big size and long endings of their bodies. They 
are flat spindle-shaped cells (fusiform). The cell has alarge oval nucleus and 
homogeneous cytoplasm. 

b- The basic function of the fibroblast is to produce all types of fibers in the 
connective tissues. 


2- Macrophage 


a- It is an amoebic cell with short stretches compared to the stretches of the 
fibroblast. The nucleus of this cell is not central. 

b- The major function of this cell is to attack the foreign substances within the 
tissue, thus, its function is mainly defensive. 


Table (2-5) illustrates the types 
of Stratified Epithelial Tissue, 
location and function, 


A- Adipose Cell 


a- This type of cells is spherical in appearance and contains one fat droplet 
which occupies most of the cell. The cytoplasm of this cell takes the shape of a 
thin ring. The nucleus of the cell is flattened and located on the cell periphery. 
b- The adipose cell stores fat to generate energy and maintain thermal balance 
of the body. 


4-Mesenchymal Cell 


a-This type of connective tissue cellsis an undifferentiated cell with cytoplasm 
stretches and a central oval nucleus. 

b-The main function of the mesenchymal cell lies in its ability to differentiate 

into any other type of cells in adult connective tissue. 


5- Plasma Cell 


a- Plasma cell is a relatively small spherical or oval cell with non central nucleus. 
The chromatin substance of the cell is arranged in a ray-like in a characteristic 
cartwheel or clock face arrangement. The cytoplasm of the cell is homogenous. 
b- Plasma cells are responsible for secreting antibodies and playing a very im- 
portant role in body protection. 


6- Mast Cell 


ñ= Mast cells are very common in the connective tissues. They are big and 
spherical in appearance with a small non central nucleus. The cytoplasm of the mast 
cells appears to be granular. 


b- Mast cells contain histamine which plays an important role in the contraction 
of the smooth muscles of the pulmonary bronchioles. It also contributes to the 
expansion of the blood capillaries in order to increase their exuding ability. 
Mast cells also contain ħeparin which is an active substance to prevent blood 
coagulation. 


In addition to the above mentioned types of cells, there are several oth- 
er types of cells within the connective tissues such as the “reticular cell” and 
“pigment cells. 


B- Connective Tissue Fibers 


White or Collagenous Fibers 
Yellow or Elastic Fibers 


l. 
2. 
4, Reticular Fibers 


A-It is called “White Filer” because its co- 
lor is white when it is alive condition. 


B-It is found in the form of bundles consis- 


ting of a number of fibers. Each fiber consists 
White or Collagenous fiber | of fibrils. 


(-The white fiber has a mechanical impor- 
tance in the connective tissues because of its 
resistant to tensity. 


A-It is called “Yellow Fiber” because its co- 
lor is yellow when it is alive condition. 


Yellow or elastic fiber B-It is found in the form of single fiber not in 
bundles. The yellow fibers can have ramifi- 
cations and they can easily stretch. They are 
flexible but are not as tough as the white fi- 
bers. 


A-It is called “Retiewlar Fiber” because the- 
se fibers crosslink to form a fine network. 
It is a network of thin fibers. 

Reticular fiber 


B-This fiber is found in the lymphatic nodes to 
which it provides a structural support. 


C- Intercellular substance or matrix 
The intercellular substance is found in the form of a transparent homog- 


enous substance with no distinctive shape. It may occur as a liquid, semi-flueid, 
gelatinous or solid. It occupies the spaces between the cells and fibers. 


D- Classification of Connective Tissues: 


The connective tissues are classified according to the types of cells and the 
physical characteristics of the intercellular substance into: 


l- Connective Tissue Proper 
2- Special Connective Tissue 


Hack type da eb cele cHoeaaiiea! frit alleen apa, 
i. Connective Tissue Proper 


The connective tissue proper is classified according to its cells and fibers form- 
ing it into “Loose Connective Tissue” and Dense Connective Tissue”. 


Table (2-6) illustrates the types 
of connective tissue fibers with 
the distinctive characteristics 
of each. 
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Table (2-7) illustrates the types 
of Connective tissue proper, lo- 
cations and functions. 


Figure 2.16 Reticular connective 
tissue (for study) 


Figure 2.17 Adipose connective 
tissue (for study) 


Figure 2.18 Mucoid connective 
tissue (for study) 


Figure 2.19 Regular dense con- 
nective tissue (for study) 


Figure 2.20 Irregular dense 
connective tissue (for study) 


Figure 2.21 Dense elastic con- 
nective tissue (for study) 


The second type of the connective tissues proper is the “Dense Connective 
Tissue”. It is classified according to the density of the constituent fibers into: 


I-Dense Collagenous Connective | 2-Dense Elastic Connective Tissue | 


Collagenous fibers are dominantin this type | The yellow fibers are dominantin in this type 
of tissues. The fibers in this tissue are | of tissues. It is found in the ligaments 
either regular as in the tendons or ir- | as in the cervical ligament. 

regular as in the skin dermis. 
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2, Special Connective Tissue 


The Special Connective Tissue includes cartilage and bone which both 
make a structural connective tissue (they make the body structure). It also in- 
cludes blood and lymph. 


a- Cartilage 


The cartilage tissue is characterized by its solid intercellular sub- 
stance which makes it resistant to pressure and tensity. The intercellular 
substance contains a compound called “Chondromuarin”?. The intercellular 
substance also includes very thin white fibers and special type of cells called 
‘“hondroeytes” which are found in “Leacunae”. 


Cartilage falls into several types. It is classified according to the abun- 
dance of the fibers in the intercellular substance. It might be “Hyaline Carti- 
lage” in which the intercellular substance is transparent and homogeneous due 
to the low fibre abundance. This type of cartilage is found in different locations 
throughout the body such as trachea. 


Cartilage might also be “White Fibro-Cartilige” in which white fi- 
bers found in the discs between the vertebra in intervertebral disc. 


Finally, it might be “Elastic Cartilage” in which the elastic or flexible 
fibers are dominant as in the ear pinna. 
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b- Bone 


Bones represent the hardest connective tissue because its intercellular 
substance mostly contains calcium salts such as ealelum phosphates and 
calcium carbonates (non-organic salts) in addition to white fibers, 
Bone tissues come in two types: 

1- Compact Bone 
1- Spongy Bone. 


Figure 2.22 Hyaline cartilage 
(for study) 


As in the cartilage tissue, the bone tissue is formed of special cells 
called “Osteoeytes” within lacunae, microscopic white fibers and intercellular 
substance . : 
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Figure 2.23 Compact bone Compact 
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If we study a section of the compact bone closely, we will see that its intercel- 
lular substance comes in the form of “Bone Lamellae” which are distributed 
throughout the tissue. Some of these bone lamellae take the form of peripheral 
lamellae which come in parallel to the outer and inner surfaces of the bone. In 
this case, the lamellae are called “Peripheral Lamellar”. 


Other lamellae are arranged in concentric lamellae around a central ca- 
nal called “Haversian Canal” through which the blood vessels and nerves passed. 
The concentric bone lamellae and Haversian canal constitute the “Haversian 
system”. The Haversian canals are connected to each other by transverse ca- 
nals named “Volkmann's Canals”, There are also intercellular lamellae which 


The concentric bone fill the spaces between haversian systems and the bone peripheral lamellae. 
lamellae and Haversian canal cons- 
titute the “Haversian system”. The spongy bone tissue is different from the compact bone tissue in 


that the bone lamellae in the spongy bone tissue are not arranged as in the 
compact bone. They take the form of irregular trabecula which ramify and meet 
again forming vacant spaces occupied with bone marrow. 
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Figure 2.24 Spongy bone tis- 
sue (for study) 


c- Blood 


The blood is a special connective tissue that develops from embryon- 
ic mesenchymal cells. It is composed of cells, plasma and protein substances 
which transform into fibers when blood clotting occurs. The blood constitutes 
(7-8%) of the healthy adult human body weight which is about (70) kg. The 
human body contains (5-6) litres of blood. 


First: Blood Cells 


Blood is originated from the 


embryonic intermediary cells. 
A- Red Blood Cells “Erythrocytes”. 


B- White Blood Cells “Leucocyies”. 
C- Blood Platelets “Thrombocytes”. 


A-Red Blood Cells 


The red blood cells are also called “Red Blood Corpuscles”. In mam- 
mals including humans, red blood cells appear as biconcave discs with no nu- 
clei. One exception to this prototype is the red blood cells in camels where they 
also lack cell nucleus but appear as oval and biconvex. 

The diameter of the red blood cell in humans is (5,6 - 8,0) micrometer. 
The size of the red blood cells may change into smaller or bigger in some cases 
like sickness. 

The number of the red blood cells in a mature male human is (4 (MM) 000- 
6.000.000) cells per microliter. In the mature female human, the number 
is ranging from (AIHH (NMI) to (5.50000) cells per microlitter. The number of the 
red blood cells decrease in the case of anaemia and increase when a person 
goes upto high places and when being exposed to carbon monoxide. 


The cytoplasm of the red blood cells contains the “Haemoglobin” which 
binds with oxygen to make an unstable compound called “Usy-hemoglobin’. 
The oxygen is dropped off when it reaches the cells and replaced with carbon 
dioxide forming an unstable compound called “Carha*y-hemeglebin’”, 

The average life span of the red blood cells in humans is estimated 120 
days. Every second, 2.500.000 new cells enter the blood stream to compensate 
an equal number of cells which got worn out during the same time. The big 
macrophages in the liver, spleen and red bone marrow devour the dead red 


pak TYPES OF BLOOD CELLS 


The red blood cells contain 
hemoglobin which transport the oxy- 
gen and carbondioxide 
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2.White Blood Cells 
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B-White Blood Cells 


The white blood cells are true cells in that they have nucleus and 
living cell contents. They also have the capability of like-amoeba moving. The 
number of the white blood cells in the adult human is 5000-11000 per micro 
litre of blood. 


The ratio of the white blood cells to the red blood cells is approxi- 
mately 1-700. The number of the white blood cells in children more than that of 
adults. In newborn infants, there are approximately 16000 white blood cells 
per microlitter of blood. Many changes to the number of the white blood cells 
happen in special cases of sickness. The white blood cells are classified into 
two main groups: 


First: Granular Leukocytes 


The cytoplasm of this type of white blood cells contains granules with often 
lobulated nuclei. There are three types of granular leukocytes distinguished by 
their colouring ability: 


1. Neutrophils: 


They constitute 40-70") of the total number of the white blood cells. 


2. Acidophits: 


These cells constitute (1-4) of the total number of the white blood cells. 


3. Basoplrits: 


This type constitutes ((I.5-!) of the total number of the white blood cells. 
Second: Non-Granular Leukocytes 


The cytoplasm of this type of white blood cells does not contain granules and 
the cell nucleus is not lobulated. There are two types of non-granular leucocytes: 


l. Lymphocytes: 
They constitute (70-454) of the total number of the white blood cells. 


2. Monocytes: 
They constitute (4-40) of the total number of the white blood cells. 


The white blood cells play a very important protective role against in- 
fections. They perform their functions outside the blood stream and after they 
enter into the loose connective tissue. 


C-Blood Platelets 


The blood platelets are small spherical or oval colourless discs with 
no nucleus. The blood platelets are found in mammals. and the lower vertebrates 
such as birds and amphibians in bigger spindle-like cells with nucleus. 


They are called “Thrombocytes”. 
It is believed that they serve the same function of the blood platelets. The diam- 
eter of the blood platelets is 2-4 micrometer. 

The average lifespan of the blood platelets in humans is ¥-! days. The 
big macrophages phagocyted the blood platelets in the liver, spleen and bone mar- 
row. The blood platelets serve the function of releasing “ThromboPlastin ” 
enzyme which plays a very important role in blood coagulation. 


Second: Blood Plasma. 

The blood plasma is the intercellular substance of the blood tissue. It The lymph is similar to the 
is a pale yellow homogeneous liquid and can be obtained by "Hemofiltration". plasma in composition except that its 
It makes up about 55% of the total blood volume. Water makes up about )'%~ protein content is less and its blood 
of the blood plasma. The rest 10 % includes solid substances available in the coagulation is slower. The clot in the 
plasma as proteins, hormones, enzymes, non-organic salts, glucose etc. lymph is soft not solid. 
Lymph 


The lymph is a liquid that is collected out of the tissues. It returns to 
the blood stream through “Lymphatic Vessels’. The lymph is similar to the 
plasma in composition except that its protein content is less and its blood co- 
agulation is slower. The clot in the lymph is soft not solid. The lymph mainly 
contains lymphatic cells which vary in number according to the lymphatic nodes 
in the passage of the lymphatic vessels through which the lymph passes. 


Muscular Tissue 


The muscular tissue is composed of cells called musele fibers. These 
fibers contain Actin and Myosin filaments which gather and slide past one 
another to perform a certain action of movement. Muscles also serve a ther- 
mal-generating function to the body. 
veces ce ciel ieia Hoe iya 
1- Smooth Muscles. 

2- Skeletal Muscles. 
3- Cardiac Muscles. 


l. Smooth Muscles 
They are also called “Visceral Muscles”, They are characterized by the fol- 
lowing: 


l- The cells or fibers of the smooth muscles are spindle-like with two pointed 
ends. They are thick in the middle and thin at the ends. 

2- The muscle fibre is covered by Sarcolem ma. 

3- The cell has one central nucleus. 

4- The action of the muscle is involuntary. 

The smooth muscles are found in the walls of the stomach, intestines, blood 
vessels and other internal hollow organs. 


The blood platelets serve 
the function of releasing “Throm- 
hePlastin ” enzyme which plays a 
very important role in blood coagu- 
lation. 

Thrombocytes serve the 
same function of the blood plate- 
lets. 


2. Skeletal Muscles 


Skeletal muscles are voluntarily controlled. They are attached to the 
bones through tendons. When they contract, the body part moves. They have 
the following distinguished characteristics: 


l- The skeletal muscle fibre is a long cylindrical fibre. It may sometimes stretch 
along the muscle. 


2- The skeletal muscle fibre is distinguished with cross-band appearance in 
dark and light bands. This arrangement gives the fibre a striated appearance 
and for this reason they are called “Striated Muscles”, 


3- The skeletal muscle fibre is covered with a special membrane called “Mus- 
cle Membrane”. It is different from the muscle membrane which covers the 
smooth muscle fibre. 


4- The skeleta] muscle fibre is multi-nucleated. Its nuclei are peripherally po- 
sitioned. 


5-The skeletal muscle fibre performs its function under human control, that’s 
why they are called “Voluntari Muscles”. 


3- Cardiac Muscles 


Heart muscles are involuntary striated muscles found in the walls of 
the heart only. Their contraction pumps the blood out of the heart. Their stretch 
allows the blood to enter the heart. The heart muscle fibre has the physical and 
functional characteristics of both the smooth muscle fibre and skeletal muscle 
fibre. It has the following features: 


l- The heart muscle fibre is cylindrical in shape. It is smaller and much shorter 
than the skeletal muscle fibre. It is a branched fibre and its branches meet 
together. 


2- The heart muscle fibre is distinguished with its transverse striation, very 
similar to that in the skeletal muscle fibre. Accordingly, the heart muscle is a 


striated muscle. 


3- The heart muscle fibres are connected to each other at their ends in differen- 
tiated places of their plasma membranes called “Intercalated Dises”, 


4- The membrane of the heart muscle fiber is thinner than that of the skeletal 
muscle fibre. 


5-The heart muscle fiber contains one cell nucleus. It is centrally positioned. 
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Figure 2.26 Types of muscles 


Table (2-8) presents a compa- 
vison between the different ty- 
pes of muscle fibers, 


Nervous Tissue 


The nervous tissue serves the function of propagating of nervous im- 
pulses from one part to another in the body and for long distances. It is com- 
posed of nervous cells or “Neurons” supported by accompanied cells within 
the nervous tissue. However, these cells do not perform a nervous function. 
They are called “Neuroglia”. 


Nervous cell (Neuron); Nis o specialised cell composed of Mowe parts 

I. Cell Body 

It represents the enlarged part of the neuron. It contains the cytoplasm and 
nucleus which has a very clear nucleolus. The cytoplasm contains the “Neu- 


rolibrils” and “Niss!’s Granules” which serve as protein synthesis sites. The 
cel] body also has the other living substances which are found in other cells. 


2. Dendrites 


These are extensions or thin structures that arise from the cell body. They serve 
the function of transmitting signals or nervous impulses to the cell body. 


3. Axon 

It is an extension that transports the nerve impulse away from the cell body. It may or 
may not be covered with a medullary membrane. It is usually single and long. 

The nervous cells (Neurons) are usually classified according to the number of 


the extensions that arise from the cell body into: 


1-Monopolar Neuron; the cell body of the monopolar neuron is oval or spher- 
ical with only one extension. 


2-Bipolar Neuron; the cell body is spindle-like with two extensions. 
3-Pseudo unipolar Neuron: one polar seperates near the cell base into axon and 
dendrite. 
4-Multipolar Neuron; the cell body is star-like with multi extensions. 
Meuraglia 

They form the largest part of the nervous tissue. They constitute (1-50) 
of the tissue, i.e. each neuron has (50) cell counterparts of the Neuroglia. They 


occupy more than half of the brain volume. Their main function is to provide 
support for the neurons. They also phagocytes bacteria and cellular debrise. 


(a) Bipolar (b) Pseudo unipolar (c) Multipolar 


ES 
Figure 2. 27 Types of neurons and their structure 


Review 


Q. 1 Write the scientific term for each of the following statements: 


i PEE T the meristematic tissues which are found at the growing tips of the stems and roots of higher plants. 
2. Loreena the meristematic tissues which are available at the baseof the leaf blade. 

Si cercsawaranins the tissue in which the cells differentiate to form the permanent tissue in the body plant. 
EEE the parenchyma cells which contain the plastids. 

EEE AE one of the two types of the sclerenchyma cells found in some fruits like pears. 

Oiresrekernaai one of the connective tissue cells. It has an amoeba appearance and its nuclei not centrally positioned. 
fe eer a type of the connective tissue fibers. It occurs individually and it 1s flexible and extendable. 
eee spindle-like cells that are found in the blood of birds and amphibians. They are counterparts of the blood 
platelets in mammals. 

o PETERSE TE ere an enzyme released by the blood platelets. It plays an important role in blood clotting (coagulation). 
iE | eee the cells that form the largest part of the brain. They constitute more than half of the brain volume. 


O.2 Explain the follewing scientiiice facia? 


1. The parenchyma tissue cells are often spherical or polygonal in shape. 

2. Why is it called pseudo-stratified columnar epithelial tissue? 

3. Transitional epithelial tissue is appropriate to the extendible and contactable body organs. 
4, The existence of histamine in the mast cells of the connective tissue. 

5. The connective tissues are described as supportive tissues. 

6. The bone is the hardest connective tissue in human body. 

7. The skeletal muscles are called striated muscles. 


Q.3 Surround the letter of the correct choice: 


1. The meristematic tissues that are found at the bases and tips of internodes are: 
a-Apical. b- Intercalary c- Lateral. d- Peripheral. 


2. The plant tissue which cells are dead and have thick walls are: 
a- Collenchyma. b- Parenchyma. c- Sclerenchyma. d- Mesenchyma. 


3. The tissue that is found in the trachea lining is: 
a- Simple Squamous Epithelial Tissue. b- Pseudo-stratified Columnar Epithelial Tissue. 
c- Simple Columnar Epithelial Tissue. d- Simple Cuboidal Epithelial Tissue. 


4. The simple cuboidal epithelial tissue ts found in the lining of: 
a- Blood vessels. b- Alveoli. c- Kidney tubules. d- Glands. 


5. The cell responsible for developing all types of fibers in the connective tissue is: 
a- Plasma Cell. b- Macrophage. c- Mesenchymal Cell. d- Fibroblast. 


6. Plasma cell is a type of the connective tissue cells. It serves the function of. 
a- phagocytes alien bodies. b- Secreting antibodies. 
c- Maintaining thermal balance. d- Differentiating into any other type of connective tissue cells. 


7. The type of the loose connective tissue that is found in the liver is. 
a- Reticular b- Mesenchymal. c- Mucoid. d- Adipose. 


8. The type of the cartilage found in the ear pinna is : 
a- Hyaline Cartilage b- White Fibro - Cartilage c- Elastic Cartilage d- Mucoid 


9. The numter of the red blood cells in human increases above the normal level when: 
a- affected with Anaemia b-living in high places c- living near water d- affected with cancer 


10. The red blood cells life span in human estimated by: 
a{130)days. b-(120)days. c-(112)days. d-(140)days. 


11. The ratio of plasma in blood is: 
a-(55)%. b-(50) %. c-(90)%. d-(95)%. 


12. The muscles that are spindle-like with two pointed ends and become thick in the middle part are called:. 
a- Smooth b- Skeletal c- cardiac d- Striated 


(J. 4 Complete the following sentemecs: 
1. Xylem tissue is composed of number of components which differ in structure and function. These components are: 


2. The tissue that covers the lining of the urethra is called ..................2::eee eee i 

3. The cells of the Stratified cuboidal epithelial tissue are found in ................ 

4. The connective tissues are composed of: a- ........... De ities Cress 

5. The Connective Tissue Proper is classified according to the density of contents to: ......... AN inh iaddiwmde cass 
6. The Concentric Bone Lamellae and the ................ form a system called “......... cece eee a 
7. The oxygen combines with hemoglobin to form a compound called .......... 


8. There are three types of Granular Leucocytes: l- ............... TATEA E EE 5 
0.5 Compare between the following: 

1. The meristematic tissue and the vascular Tissue in terms of location and function. 

2. The ground tissue and the epidermis in terms of location and function. 

3. The xylem tissue and the phloem tissue in terms of components and function. 


4, The compact bone and the spongy bone. 


2.6 Match group | and group 2. Pot the number of the correct answer fram group 2 between the brackets: 


Simple Squamous Epithelial Tissue ( ) l- Support. 
Simple Columnar Epithelial Tissue ( ) 


Pseudo-stratified Columnar Epithelial Tissue ( ) 6- Protection 
pf Secretion and Absorption 
PLR Protection, Secretion and Absorption 


duction 


Objectives 

1-Define the concept of reproduction. 

2-Define the sexual and non sexual reproduction and compare 
between both. 

3- Explain the reproduction in animals. 

4- Describe the reproduction mechanism in bacteria. 

5- Explain the sexual and non sexual reproduction in 
chlamydomonas. 

6-Numerate the steps of both sexual and non sexual reproduction 
in Paramecium. 

7- Explain how Euglena reproduce. 

8- Explain the reproduction in bread black mold. 

9- Define the concept "Alternation of generations". 

10- Explain the reproduction in Ferns and Mosses. 

11- Explain the structure of flower as the specialized organ of 
reproduction in flowering plants. 

12-Compare between monocots and dicots. 

13- Explain the mechanism of seed formation. 

14- Understand the concept of vegetative reproduction in plants. 

15- Explain the reproduction in : Hydra, Planaria and earthworm . 

16- Identify the reproductive system composition in insects. 

17- Identify the reproductive system organs in frog. 

18- Identify the male and female reproductive system organs in 
human. 

19- Explain Parthenogensis and Hermaphroditisim. 


Organisms dont need 
reproduction to survive but they 
need it for continuity of their gene- 
rations. 


Introduction 


All organisms must produce new individuals similar to itself 

to preserve the species. 

Reproduction means production of new individuals approximately 
similar to parents. Sexual reproduction which is performed by most of multi- 
cellular animals is more complecated from asexual reproduction which primitive 
organisms perform. But both types of reproduction have two main states: 


l- Collection of pure substances from environment and transmission to new 
generation. 
2- Transmission of genetic material (DNA) to next generation. 


Reproduction and its role in preserving species 


Reproduction is different from other life activities like digestion, res- 
piration, circulation and excretion since these activities are important for or- 
ganisms to survive. Unlike this organisms don't need reproduction to survive 
and may not be able to reproduce or have no complete organs for reproduction but 
have a healthy body for continuity of their lives. 


In some kinds of animal populations reproduction performed by par- 
ticipation of only a few number of organisms. For instance; in a bee hive most 
of bees are sterile female members and they have no role in reproduction. But 
the drones (male bee) have ability of reproduction and they are less in number. 
There is only one female that able to do reproduction, the queen. 


lypës of reproduction 


There are two main types of reproduction; asexual reproduction and sexual 
reproduction: 


I. Asexual reproduction 


Some organisms can have new organisms similar to them by broking and 
change a part of body into a new independent organism. This type of reproduc- 
tion can produce one organism or more. 


2. Sexual reproduction 


Most of plants and large amount of animals are distinguished by hav- 
ing male and female members. The males are able to produce sperms while 
females are able to produce eggs (Ova). 


——(_ Reproduction __  — ) 


These organisms are different from each other in their anatomy, physical fea- 
tures and structure of reproductive organs. 


Sexual reproduction is performed by union of male and female repro- 
ductive cells by passing through a process called fertilization. 


Sexual reproduction passes through twa main steps, 


1- In first step cell undergo meiosis, the number of chromosomes reduced and 
resulted cells receive half of the original number of chromosomes. 


2- In second step two gametes are unite in a process called fertilization to form 
a cell called zygote with total number of chromosomes (2). Then this embry- 
onic cell (zygote) grows into a new organism by series of mitotic divisions. 


1. Spermatogenesis 


Sperms are formed in testis which consist of a large number of sem- 
iniferous tubules, Cells located at the periphery of these tubules, which are 
first step in this process are called as spermatogomin and they are diploid (2n). 
Each spermatogonium passes through a period of growth after a series of divi- 
sions and forms primary spermatocyte. 


MESIS | 
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"Figure 3.1 Stages of sperm forma- 
= S "TI tion 
in two cells being equal in size and haploid (™). These cells are called as see- 


ondary spermatocyte, And each of them passes through the second division 
of meiosis and haploid {Ħ) cells which equal in size are formed. Each of these 
cells called as spermatid. And each spermatid undergoes changes in shape and 
structure to form mature sperm. 
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Primary oocyte and perip- 
hery positioned follicle cells toget- 
her forms ovarian follicle. 


Remember 
As a result of oogenesis one 
mature egg and three second polar 
bodies are formed. 


Figure 3.2 Stages of egg formation 
(for study) 


2. Oegenesis 


Reproductive cells (germ cells) in female are formed in ovary. The 

cells in ovary undergo equal mitotic division to form a group of cells called 
oegenia. Oogonia undergo normal division to increase in number (2n). 
These cells pass through a period of growth to increase in volume and form 
diploid cells (2m) called Primary oweyies, There are many cells small in size 
which form a layer around primary oocyte called as follicle cells. Primary oo- 
cyte and periphery positioned follicle cells together forms ovarian follicle. 


Primary oocyte undergoes first division of meiosis and result in two 
cells being unequal in size are formed, due to unequal cytoplasmic division. 
And these cells are haploid (m). The big sized cell called as secondary oocyte 
while the small sized cell called as first polar body, 


Secondary oocytes pass through second division of meiosis and form 
two cells unequal in size. Big sized cell (holslast) passes through a period of 
growth to form mature egg (ovum). But small sized cell called as secondary 
polar body (n) and has half number of chromosomes. 


First polar body undergoes second division of meiosis and forms two 
secondary polar bodies. As a result one mature egg and three second polar bod- 
ies are formed. 
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Reproduction in Viruses 


Viruses are tiny structures which can be seen only by electron micro- 
scope. They represent a connecting link between living organisms and non-living 
things. 

Viruses cause diseases in human, animals and plants. 


They are able to grow and reproduce inside the living cells of other 
organisms but cannot survive in external environment. This is due to viruses 
have no cellular mechanism to reproduce independently 


Information about virus reproduction is obtained by observing a type 
of virus, attacking a kind of bacteria called “Escherichia coli”, This type of 
viruses which attack bacteria called as bacteriophage. Viruses can reproduce 
by two types of interacted cycles the lytic eyele or Iysogenie eyele:A 


Bacteria cell |09! "al 


A-Lytie cycle: 
1, Attachment stage 

When the virus becomes in contact with the bacteria, the fibre exist in 
the tail stick to special positions on the cellular wall of the host. 


2. Pesefrifion stage 

The enzyme found in the tail decomposes the cell wall of bacteria in 
the region of adhesion. The nucleic acid of the virus (DNA) is injected into the 
host cell. 


3. Biosynthesis stage 

When viral DNA enter to bacteria, it transcripts MRNA necessary for 
the construction of enzymes for degradation of DNA and mit A of bacteria 
then the cellular mechanism of bacteria produces of proteins and releases en- 
ergy under the control of viral DNA. Viral DNA directs the mechanism of the 
host for the formation of new nucleic acids (DNA) and new viral proteins. 


4. Maturution supë. 

Molecules of protein are organized in order to form protein covers 
around new strips of the viral nucleic acid; as a result, 100-200 new viruses are 
made. 


5. Release stage 

New viruses cause the decomposition of the host bacterial cell. These 
viruses are released in order to infect other disinfected bacteria. This process 
completely takes about 25 minutes. 


Figure 3.3 Reproduction in viruses 


A prophage is a phage (viral) 
genome inserted and integrated into 
the circular bacterial DNA chromoso- 
me or existing as an extrachromoso- 
mal plasmid 


* 
Figure 3.4 Reproduction in bacte- 
ria (binary fission) 


B-Lysogenie cvele 

In lysogenic cycle attachment and penetration stages occur as in lytic 

cycle. Then nucleic acids of virus (DNA) incorporate with nucleic acid of bac- 
teria (DNA) without breaking nucleic acid of bacteria and viral DNA called as 
prophage. And prophage is duplicated by reproduction of bacteria. 


Reproduction in Monera 


Monera includes bacteria and cyanobacteria, it reproduces sexually 
and asexually, we will focus on reproduction in bacteria as an example of re- 
production in monera. 


al- Asexoal reproduction in bacteria 


Bacteria reproduce asexually by binary fission. 
Thix can he summarized uy follows 


l- The chromosome of the bacteria sticks to the plisma membrane in a certain 
position and that means the bacteria cell is ready for the division. 

2- The bacteria cell gets ready for binary fission by expanding cell mem- 
brane and plasma membrane . 

3- The division of DNA produces two identical chromosomes and at the same 
time the cell membrane and plasma membrane starts to stretch. 

4- As a result of this stretch the two chromosomes split in two different direc- 
tions within the cell at the same time, the cytoplasm spreads and the cell stretch 
will increase. 

5- The cell divides to produce two identical cells. 


Chromosome 
Cell wall 
Plasma membrane 


ytoplasm 


5. 


B- Sexual reproduction in bacteria 


Bacteria reproduce sexually by conjugation which occurs between 
different strains of bacteria. Scientists found that when two different strains of 
colon bacteria (f-coli) are mixed within one transplant media, a new strain 
appears which functionality differs from the two original strains that have been 
mixed. A type of genetic unity take place between two cells. They represented 
by recombination. 


Covina wit Perctente i pteoeieeal in ihe Aalan mies; 


l- First conjugation happens between two cells. The first cell is called donor 
well, this contain fertility factor, represented by the DNA particles in cyto- 
plasm of the donor cell. These cells also contain sex pili on its surface. This 
structures make this cell as the male donor cell. The second cell recipient cell 
does not contain fertility factor or sex pili and represents the female cell. 


2- When sex pili touch the surface of recipient cell, it transforms into a conju- 
gation bridge which binds the protoplasm of two bacterial cells. 


3- One of the DNA strand of the fertility factor broke in a certain point and 
extend to transfer the recipient cell. 


4- This broken DNA gathers with a part of the cytoplasm of the donor cell 
moves to the recipient cell through the conjugation bridge. DNA strand repli- 
cate itself and become a complete double strand of DNA. 


The donor cell remain as it was in terms of the genetic material because 
the broken DNA strand of fertility factor will be replicated in the donor cell, 
At the end of conjugation both cells posses the fertility factor or plasmid. 
This kind of sexually reproduction is not an ordinary one, because of new 
bacteria does not receive a complete collection of genes from both of the 


original cells. 


Conjugation bridge 
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Figure 3.5 Conjugation in bacterial f-coli) 


Reproduction in Protista 


Protista includes various types of unicellular organisms. We will study 
reproduction of Chinmydimenas, Pughenma and Purumectam as example. 


Reproduction in Chianryalorrornts 
Chlamydomonas, euglena 


and paramecium are examples for 
protists. 


Chlamydomonas is a unicellular organism from green algae. It lives in 
lakes and reservoirs. The special characters of this organism is having two 
flagella. It is surrounded by a thick cellulose wall and contains a green coloured 
plastid which has a cup shape. Chlamydomonas reproduce sexually and asexually. 


I) dsconaily reprifnction 


Asexual reproduction begins by formation of(2 — 8) or 16 zoospores which 
are able to move and swim in water. Division takes place within the cellulose 
wall of the original cell. The spores release after breaking of cellulose of origi- 
nal cell wall of mother cell. And they grow into independent individuals which 
cam swim in water. 


2) Sexually reproduction 


Sexually reproduction inChlamydomonas usually happens when the living 
conditions are poor as follows: 


1. Chlamydomonas which has haploid number of chromosomes undergoes se- 
ries of normal divisions. This will give 16 — 32 individuals within the cellulose 
cel] wall. These individuals similar to the mother chlamydomonas but they are 
much smaller than it and these are called as ismammietes. 


2. The cell wall of the mother cell will be shuttered and isogametes release into 
the water. And they unite with other isogametes from another strain which are 
formed in the same way. 


3. Zygote will be formed as a result of union of isogametes. 


4. This zygote has pair of chromosomes (2n) this structure swim in water 
for a while and then it loses its flagella. It surrounded by a thick cellulose wall 
in order to resist against unsuitable environmental conditions and called as 
zygospore. 


5. The zygospore re-activated in the suitable conditions, it divides by meiosis 
to make four haploid zoospores (n). 


6. The surrounding wall split and then the new four zoospores which are similar 
to the mother cell ina way grow and behave like grown independent organisms. 
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Reproduction in Paramecium 


Paramecium is from ciliated Protista spread out in lakes and pond water Swhich 
contains water plants and dissolved organic substances. 


1. Asexual reproduction in Paramecium 


Paramecium reproduces asexually by Transverse binary fission which is explained as fol- 
lows: 


1, Division starts by normal division of micronuclews. 

2. After division of micronucleus each nuclei moves to the opposite side of 
Paramecium, at the same time macronucleus extends and cytosome (mouth) 
appears. 

3. Macronucleus divides by amitosis into two nucleus and move to the two 
sides of paramecium. New mouth and two new contractile vacuoles appear and 
also the body of paramecium stretches. 

4. Paramecium divides into two new paramecia. 


2, Sexual reproduction in Paranecinm 
Paramecium reproduces sexually into two ways; conjugation and sutogamy. 
Paramecium reproduces 


A) Conjugation asexually by binary fission 
Crvtfawetion in tite Hr ue ad if KTA cu ie iiti Al, 


!. Two individuals from the same type but from different strains meet and combine with 
eachother from the side which mouth located and they remain stuck to 

eachother for a short time, a cytoplasmic bridge formed between them which 

is temporary to pass or exchange of chromosomal substances. 


1, 


Micronucleus 


Macronucleus 
| Cytosome (mouth) 


l- Binary fission in Paramecium 


* 
Figure 3.7 Binary fission and Conjugation in paramecium 


Paramecium reproduces 
sexually into two ways; conjugation 
and autogamy. 


hapter - 3 


2. The micronucleus in both organisms undergos meiosis to form four nuclei, 
each of these nuclei contains half of the complete number of chromosomes (n). 


3. Three of these nuclei dissolve and disappear; the fourth nucleus divides un- 
equally by normal division in two nuclei. Each of these nuclei contains half of 
the complete number of chromosomes (n). They represent the primary male 
and female nucleus. 


4. The male nucleus in the two conjugated organisms exchange and unites with 
female nucleus to form the compact nucleus which contains complete number 
of chromosomes (28). 


5. Each of paramecium reproduce asexually by binary fission and four new 
paramecia are formed. 


B) Sefj-fertilizatios ar Amogamy 


Autogamy similar to the conjugation as above, except in-exchanged 
nucleus, while the two primary micro nuclei which contain half number of 
chromosomes (f) unite together to form an identical nucleus (synkaryion). It 
contains identical genetic factors (Mimimey gous) not contains different genetic 
factors (Heterozygous). 


Reproduction fa Euglena 


Euglena is from protista which have flagella; it lives in lakes and cur- 
rent water which contain plants. Euglena is exist in free case and encysted in 
unsuitable conditions. 

Euglena reproduces by Plangated binary lesion and this division 
happens in free-swimming stage and encysted stage as follows: 


1. The nucleus divides by mitotic division to form additional flagellated protist. 
2. The cytoplasm divides laterally and gradually until the two parts get sepa- 


rated completely to form two new organisms. Sexual reproduction in Euglena 
is not known yet. 


Flagellum 
—z - 
Nucleus "Figure 3.8 Transverse binary fissi- 
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The kingdom fungi contain more than hundred thousand type 
and they think there are similar number which has not been discoverd yet. Pre- 
viously fungi were regarded as plants, which are similar to plants in reproduc- 
tion property, growth and biochemistry. But later it was found that they are 
differ from plants in many ways. Fungi don't have photosynthetic pigments 
so they are not autotrophic and also nutrition differ from plants. 


Reproduction in Fungi 


Fungi don’t have photosynt- 
hetic pigments so they are not autot- 
rophic and also they nutrition strate- 
gy different from plants strategy. 


We will study reproduction in black bread mold as an example for 
reproduction in fungi. The black bread mold belong to Zygomycota which 
contain about 1050 types of fungi, the sexual and asexual reproduction in black 
bread mold happen as follows: 


Hyphae are thread like fi- 
lamentous structures that forms the 
body of fungus. 


Sexual 
Reproduction 


Asexual 
Reproduction” 


Figure 3.9 Reproduction in 
black bread mold (for study) 
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1. Acontact and merging takes place between hyphae which contain different 
nucleus, positive and negative, followed by cytoplasmic integration, 


2. Gametanghe forms at the end of each hyphae, which contain positive and 
negative nucleus, in the end of each hyphae nucleic integration (two nuclei 
integration) takes place. 


3. Gametangia merge and a pair of nuclei then join together to form zygote. 

4. A thick wall forms around zygote and metsis takes place. 

5. The sporangiophore holds a sac called sporangium which splits to release 
the spores and contain half of the original number of chromosomes because it 


formed by meiosis. When it falls on nutrients (aprocess of bread for example) the 
asexual reproduction cycle starts and the process repeat. 


Reproduction in plants 

The plant kingdom contains eukaryotic, multicellular and autotrophic 
organisms. It is thought that plants descended from plants lived in fresh water 
represented by green algae which was about 500 million years ago. Scientists 
proved that this descends represent by both of them contain chlorophyll also 
different kinds of additional pigments and they store excess amount of carbo- 
hydrates as starch and cell wall in both contain cellulose. 

In the plant kingdom alternation of generations appear and it is a clear 
phenomenon in reproduction of plants, it means the complete life cycle of 


plants would be in two stages, they are sporophyte and gametophyte as fol- 
lows: 


Sporophyte 
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Figure 3.10 Alternation of genera- 
tion in plants am 


d- Sporapltyte 


It is asexual stage which produces the spores; its cells have complete 
number of chromosomes (2m) and when this stage get mature some of its cells 
(mother cells) undergo meiosis for spore formation, because of this division 
there will be spores with half of the original number of chromosomes (n) and 
these spores indicate the starting of gametophyte. 


2- Ganrefaplyte 


This is sexual stage and produce gametes, after the fertilization be- 
tween male and female gametes sporophyte forms (alternation of generations). 
Notice that the size of the sporophyte bigger than size of the gametophyte in 
terrestrial plants which are exist now. 


Gymnosperms Angiosperms 


We will study three examples for reproduction in plants, reproduction in moss- 
es, in ferns and in flowering plants. 


{-Repraduction in Polviricham 


Reproduction in Polytrichum happens in two stages, sporophyte and 
gametophyte. It is form of mosses which represents the biggest part of the 
non-vascular plants and includes more than 1500 and types and it happens as 
follows: 


1. In the mature gametophyte the leafy stem carries antheridia; the male game- 
tangia or archegonia; the female gametangia or both gametes. 


2. The male gametes release from antheridia to the outside swim in water until 
reach the archegonia. Then fertilization takes place by merging male nucleus 
with female nucleus. 


3. After the fertilization the zygote formed and sporophyte forms inside the 
archegonia. 


Figure 3.11 Reduction in size of 
gametophy tea (for study) 
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4. The gametic tissue complete and it is holder of sporangium; which meiosis 
takes place inside it to produce spores which have half number of complete 
Spores are asexually 4 omosomes (n). 
reproductive cells that can grow 
a complete organism without fer- 5. The spores release after opening the cover and spores spreads out in the air 
tilization, spread easily and resist because of wind which helps spreading of spores. 
against unfavorable conditions. 
6. The spores grow into male or female gametophyte (protonema) this repre- 
sent the first stage of gametophyte. 


Sporophyte 
Formation 


Sporangium 


Figure 3.12 Reproduction in ferns 
(Polytrichiam (for study) 
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2 Repradvctien it ferns 


The reproduction in ferns happens in two stages, sporophyte and ga- 
metophyte. Ferns are type of seedless vascular plants, includes about 12,000 
types. Reproduction happens as follows: 


1. Sporophyte: is dominant stage in ferns. Sporangia are formed at lower sur- 
face of the leaves. 


2. The spores are formed in sporangium and these spores have half of the 
complete number of chromosomes (n) because they produced by meiosis and 
spores release when the sporangium opens. 


3. The spores grow into gametophyte which represented by prothullus. It is a 
heart shaped, green coloured structure and carries #rchegonmium (female) and 
antheridium (male), it grows from the sharp side. 


4. The fertilization takes place in moist media, the sperms swim in water to 
reach the egg within archegonium. 


5. Zygote, the product of fertilization formed inside the archegonium and the 
first leaf appears above the prothallus and roots formed at below and the spo- 
rophyte appears. 
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Figure 3.13 Reproduction in ferns 
(for study) 


3-Reproduction in flowering plants 


Flower represents the reproduction organ in flowering plants. Continu- 
ity of plants depends on reproduction in plants. 


The flower is a specialized branch carries differentiated leaves which 
involved in sexual reproduction, producing fruits and seeds. Flower contains 
parts which directly related to the reproduction and other parts which are not 
directly related to reproduction. Flowers are formed from buds but differs from 
them by growing nature. For instance we see that flower organs are closed to 
each other and not isolated. 


Fiower consist of 4 phate aN follows 


1. Sepals 
They make groups called calyx, which protect the bud before it gets to 
the full form. These leaves usually have green colour and stay attached to the 


lower part of flower. 


2. Petals 

These are called corolla. They have different shape, size and colour in 
different plants. Usually the number of petals equal to the number of sepals or 
its doubles. In Iris there are three sepals and three petals. However in the Rose 
there are many multiples of petals than sepals. Both sepals and petals have no 
direct role in the sexual reproduction. 
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3. Stamens 

This is the male part in the flower. This is consisting of two parts, anther 
and filament, Anther has cylindrical bag shape or an elliptic shape which con- 
tains pollens and carried by holders called as filaments. Stamens are usually 
loose and they may bind together. The number of stamens may be different from 
one plant to another. 


4. Pistil 


This is the female part of flower which consists of following parts: 


a) Ovary 
This is the lower part of pistil and contains the “ovules” inside it, which are 
connected to the ovary wall by a short neck called “funiculus”. 


b) Style 


It has a cylindrical shape and it is thin and hollow. It joints the ovary to the 
upper part called stigma. 


c) Stigma 


This is the final (top) part of pistil. This part is rather puffed up. This 
part will be somewhere covered by a sticky liquid to facilitate sticking the 
pollens to it. However different plants have no same structure of flower. Mono- 
cotyledon and dicotyledon plants have different forms of flower. 


Have two embryonic leaves. 
The flower parts are quantic 
or multiples. 
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Some basic parts of JA are 


Incomplete flower 


Perfect flower also called Her- 
maphrodite or Monocious: 


Have stamen alone or pistil 
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6 Inflorescence Flowers as bundles Table 3.2 Some scientific terms for 
different kinds of flowers 
7 Composite flowers Ue scraneece | 
coat f smallflowers — — — 
First: The formation of pollens and ovules 


1. Anther and Pollen Production 


Anther is made of two splits alongside with inner tissue which lies from 
the base of anther to its top. This tissue surrounds the vascular bundle. Each 
split of the anther is made of two compartments and each one called as Pøl- 
len sae or Mierosporangiom. The pollen sac contains Pollen Grains. When 
the Anther gets mature the connecting tissue between two compartments dis- 
solves and two compartments become one compartment and open to the out- 
side through vertical external split. Then the pollens will be ready to spread to 
the environment. 


1 


At the beginning the pollen sacs contain the microspore mother cells 
which have double number of chromosomes. The microspore mother cell di- 
vides by meiosis to form microspores with half number of chromosomes (n). 


The nucleus of tlerwspere divides in an ordinary way and each new 
nucleus will be covered by cytoplasm to form a tube cell and a generative cell, 
This represents the immature male gametophyte. The pollens spread from 
anther to outside approximately hundred numbers in each anther. The pollens 
are covered by a thick wall with horns or they are rough surfaced, taking differ- 
ent shapes according to type of plants. Pollens contain number of thin regions 
called #erminalion pirts. 
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Figure 3.15 Life cycle of flowering 
plant (for study) 
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Figure 3.16 Pollen formation in 
flowering plants (for study) 
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2. Geary and Egg Production 


Pistil together with ovary made of leaves called as carpel leaves (one 
or many). The carpel leaves represents the megusporophyl! where the eggs are 
attached to the ovary wall as a shell for meguspurangia. 

Egg start growing by having a small hump called mueellus, connected to 
the ovary wall through the funiculus. This is covered by one or more layers of 
ovary cover cells. These layers grow from the base of nucellus and cover the 
nucellus completely except the top part where it leaves a small hole called as 
micropyle. 

A compound cell grows inside nucellus called megaspore mother 
well. This cell undergoes meiosis in order to produce four megaspores with 
half number of chromosomes (n) on the same line. 

Three megaspores disappear and the fourth one remains. This represents 
the female gametophyte which is immature and thin called embryo sac. This 
will grow in size as long as the cytoplasm grows together with the nucleus. This 
occupy the most of the ovary. 


Three successive divisions take place in the nucleus of the embryo sac 
resulting in eight nuclei in the embryo sac. Three nuclei organize near the mi- 
cropyle and three nuclei at the opposite side, two of them remain at the centre. 
Three nuclei at the micropyle side covered by membranes to form cells, the 
middle one represents the egg cell and the other nuclei at the two side forms 
two synergid cells, The nuclei of opposite side of micropyle within embryo sac 
also covered by membranes and it forms amtipodals. Two central nuclei form 
two polar nuclei. The embryo sac represents the mature femme gametophyte, 
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When female gametophyte gets mature, the mature egg formed in mature em- 
bryo sac and covered by membrane and nucellus. And funiculus looks curved 
to the bottom in a way so micropyle is near the funiculus and may takes other 

Pollination is one of the positions. 
operations which lead to produce 
seeds and provide fertilization. 3. Pollination 


Pollination can be defined as transporting of pollen from anther to the 
stigma of same plant or another. As a result of transporting fertilization takes 
place, so the pollination is one of the operations which lead to produce seeds 
and there are two types of pollination: 


I- Self pollination 


This happens by transporting of pollens from anther of a flower to the 
stigma of the same flower or to the stigma of different flower of same plant. 
This kind of pollination happens in many kinds of plants like wheat, barley, 
rice, cotton, beans, peas and orange trees. 


2- Crass polleseticrt 


This kind of pollination happens by transition of pollen from anther of 
flower to the stigma of another flower fram another plant from the same kind and 
perhaps to the other kinds belongs to same species. The cross pollination hap- 
pens in many plants and it is more important than self-pollination because the 
fruits are bigger in size. 

That’s why the farmers are advised to have bees house in the farms 
or nearby to guarantee cross pollination then to get a lot of and good quality 
products. 

The bees are most important and helpful insects in pollination, so some econo- 
mists estimate the profit of pollination by bees a huge amount of money (yearly 
average is more than 200 billion dollars) in the world. 

‘There are also many other insects for example beetles,butterflies and others. Also 
the wind and water play a good role in transition of pollens then pollination 
and also human can do this job such as in date palm trees. 


4. Development of Pollen Tube 


The pollen grows after fallen on the stigma to form with a narrow diam- 
eter called as pollen tube usually each pollen produces one pollen tube. 
The pollen tube grows and penetrates the stigma and the style until it reaches 
the ovary which contains eggs. 
Although many pollen tubes are formed, but only one of them reach the egg. 
The pollen tube grows up and generative cell undergoes normal divi- 
sion (once) to produce two sperm cells. So the pollen tube contains a tube cell 
and twe sperm cells, the pollen tube represent the mature male gametophyte in 
this case and it is ready for fertilization. 


The pollen tube represent 
the mature male gametophyte in this 
case and it is ready for fertilization. 


3. Fertilization and Embryo Development 


With arriving the pollen tube into the ovule, it penetrates the Micro- 
pyle and enters the nucellus then into the embryo sac and releases its contents 
in it. One of the sperm cells unites with egg to form #ygate which has diploid 
(ìn) number of chromosomes. The second sperm fuse with two polar nuclei to 
form endosperm mucous, so this nucleus has triple (4m) chromosomal group. 
Union nucleus of one sperm cell with the nucleus of egg and union of the nu- 
cleus of second sperm cell with two polar nuclei is called double fertilization 
which is one distinguished characteristic of flowering plants. After fertilization 
is completed three antipodal cells, two synergid cells and tube cell disappear. 
Zygote starts normal divisions to form embryo. The endosperm cell undergoes 
many divisions to form endosperm tissue which contain nutrients to be used by sperm nucleus. 
embryo during growth stages. 


Endosperm nucleus is 
triploid (3n) becuse it formed 
by union of two polar nuclei and 
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l-#ygete Stage 

In this stage double fertilization takes place and products are zygote and en- 
dosperm. 

2-Pro-embryo Stage 

In this stage the pro-embryo is multicellular by having non-functional parts. 
3-Globular Stage 

The embryo like a small ball in this stage. 

4-Heart Stage 

The embryo is in a heart shape and cotyledons start to appear. 

5-Torpedo Stage 

The embryo as torpedo and splits form and seen clearly. 

é Wafers Embryo Stage 

The embryo gets mature and starts to grow. It takes the shape of a real embryo 
formed from shaft, pre-root, pre-leaf and split stem. 
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6. Seed Formation 


The formation of the seed starts after fertilization directly. So endosperm 
cell divide to form endosperm tissue and then grows and covering of egg trans- 
form into seed coat which define as testa. 


The seed at the mature stage formed from embryo and a cover of seed 
as it is in most of the seeds in the dicotyledon plants like, broad beans, green 
beans and others. But there are types of plants as wheat, corm which the em- 
bryo doesn’t use endosperm unless that seed has been planted and started to 
absorb water. The mature seeds usually formed from embryo, endosperm and 
also cover of the seed which is consist of one layer or more. 
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7. Fruit Formation 


Formation of fruit starts by growth and expansion of ovary wall. This 
Fertilization process regar- will be accompanied by the growth of the seed inside the ovary. Fertilization 
ds as stimulator causing to expand Process regards as stimulator causing to expand the ovary. This expansion may 
the ovary include some other parts of flower such as the receptacle as in the case of ap- 
ples and covers of flower as in berries. These kinds of fruits are called false 
fruits. A large quantity of food is needed to develop the ovary to the fruit. 
Foods such as glucose and amino acids are transferred speedily to the wall of 
ovary through tissues which link the parts of flower to the stem. 


These food materials are converted and stored as feeding material like 
some complex sugars, proteins and oils. When the amount of sugar is high 
in fruits, this sugar makes it sweet. This in the case with fruits such as grape, 
dates, etc. Sugar may convert into starch at the maturity stage as in corn, grains 
and rice. 


Oils can accumulate in the fruits with large quantities such as olives. In 
some other kinds of fruits water may be stored such as in watermelon, melon 
and tomatoes. 


On the other hand some other kinds of fruits will have very low level of 
water content when they are mature such as walnuts, nuts and almonds. These 
kinds of changes to the fruit accompany changes to their color. For example 
chlorophyll disappears and replaced by carotene when some fruits get mature 
as in tomatoes. Anthocyanin can accumulate as in grapes and pears. 
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Pollen grains have two roles. First producing male reproductive cells 
which fertilize the eggs with double fertilization process and this produces the 
seed. The second role is stimulating special hormones which organize the ma- 
turity process of the ovary and converting it to fruits. Therefore this process can 
be replaced sometimes by sprinkling some hormones over the ovary of some 
flowers. These plant hormones affect the ovary to get mature and change it to 
fruit. This process called as artificial pathenocarpy and these fruits are called as 
artificial parthenoearpie fruits. However there are some kinds of fruits which 
naturally have no seed and these called as mutural parthenocarpic fruits. 
Pine apples and some kinds of grapes are examples. It is believed that 
the ovary of this kind of flowers have high level of hormones, 
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Figure 3.19 Some kinds of fruits 
(for study) 


Strectare of fruit 


It is possible to define the fruit as a mature ovary with its contents and its cov- 
erings. Seeds are formed in fruit and consist of three layers. They are; 


A) Eseearp, can be called as a skim or cover. pe oe 
B) Mesocarp; can be called as a flesh. i aa EXocaep 
C) fh. edeearp; can be called as a pith. : äi 
) I | Seed eer soer 
Endocarp 
Notice that these layers differ in growth rate and thickness in different types of i 
plants. Figure 3.20) Fruili siruciure 


Figure 3.21 Dispersal of fruits and 
seed by animals 
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Tips of fruits 
Fruits have various types we will summarize the common types of fruits as 
follows. 


I. Simple Fruits 
These fruits are product of one flower with one carpel or many carpels as in 
case of bread beans, tomuale, cucumber, orunge and apricpt, 


2, Aggregate Fruits 
These fruits formed from many separated carpels. The fruits in this type come 
from one single flower as in blackberry. 


3, Compound Fruits 

They can be called as nmliple Innis and formed from a group of flowers. Each 
flower forms a fruit and they remain connected to each other at the maturity as 
in the case of pineapple 


Dispersal of fruits and seeds 


Large number of fruits and seeds contain structures or different special 
parts help them to spread out easily in their environment or in similar environ- 
ments by different factors which help to spread the fruit and the seed like wind, 
birds, and other animals, human and also the structure of seed and opening of 
fruits. 


The wind carries the seeds and fruits away from the mother plants as it 
happens in the seeds of grass, weeds and desert plants. Since seeds are very 
light in weight or covered by hairs in umbrella shape as in the winged fruits. 


The animals also help to spread the seeds and the fruit so that some 
seeds contain prickles and it sticks the skin of the animals so it transfers it to 
far distances from its position. 


Many water plants depends on water waves to transfer its seeds and 
fruits in order to keep the species, usually the seeds and fruits of these plants 
are light or their cover contain vacuums which help seed to float on the surface 
of the water as in coconut. 


——(__Reproduetion 


begefaiive propagation 


It is a common type of asexual reproduction in many plants and ferns. 
The plants have vegetative propagation in many ways, by stolons; they are 
stems extend on the surface of the ground. Rhizomes or Tubers, Corms and 
Bulbs. All these parts are vegetative parts of plant and they are not related to the 
sexual reproduction but act in vegetative propagation. There are three general 
types of vegetative propagation. 


A) Natura! vegetative propagation 


This happens ie many wirs 
1. Propagation by Stolons 


One ofthe vegetative propagation types as in strawberry. A horizon- 
tal stem (stolon) which can be a meter in length extends above the surface of 
the ground. The stolons form new vertical plants on the knot positions on the 
stolons. New roots grow in ground, stems and leaves grow to up. The new plant 
separates from the mother plant naturally and when stolons die it can be taken 
and planted in other places. 
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Figure 3.22 Types of vegetative 
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2. Propagation by Rhizomes 


This is a vegetative propagation way which most of the weeds and 
ferns reproduce. It happens by formation of terrestrial stems, which 
extends under the soil surface and called as rhizomes. Roots grow from hori- 
zontal stem and green parts grow from the buds above the ground. Terrestrial 
stems extend by the growth of their apical buds and covers new areas in a great 
speed. (rurden grass and Iris are examples for this type of reproduction. 
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3. Propagation hy Tubers 


Tubers can be defined as food storing terrestrial stems. Tubers contain 
number of lowness called eyes. Each eye contains a bud or many buds called 
ivillary buds. Usually one plant has a group of tubers which are capable to 
form new branches from its bud as in potato. 


4. Propegerion ty Balls and Corny 


This kind of vegetative propagation happens in many herbaceous 
plants by formation bulbs. A bulb is a single, globular, big bud. It has a disk 
stem at the base end and some leaves grow from its upper surface and roots 
grow from lower surface. Buds are emerged from axils of leaves and these buds 
similar to the mother bulb. It may separate or remain connected to the mother 
bulb. Onion, garlic, narcissus and lily are examples for this type of propaga- 
tion. 


Corms also a method of vegetative propagation similar to the 
bulbs in morphology but differs in the big part of corms is a stem tissue; the 
leaves are thinner and smaller than the leaves of bulbs. Corms also reproduce 
by forming buds from the axil of leaves on stem and separate to form new 
corms as in glicdiolus, earth apple and turmeric. 


B) Artificial Vegetative Propagation 


Many plants lose their ability to form active seeds as in banana, grape, 
and some kinds of orange. And also some plants take long time to reproduce by 
seeds like date palm, and also there is difficulty to guarantee to limit the species 
and genus of tree, therefore the farmers resort to propagate the plants vegetatively. 
There are some plants cannot reproduce vegetatively and they need stimulation 
to propagate by using some plant hormones like; indole acetic acid, indole bu- 
tyric acid and naphthalene acidic acid. 
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l. By agfsets 


Offsets are big buds frequently formed at the stem base in the region 
of its connection with the soil. Adventitious roots, which extend in soil, are 
formed from them. And when their growth completes, they are separated from 
the mother tree. Then they are translocated and grow in another place in the 
form of an independent plant. Among plants, which are propagated by this way, 
are date palm and bammna. 


2. By layering 


Some plants can form adventitious roots if they touch the earth and 
are covered with soil. Man has utilized this characteristic in propagating some 
plants in that a twig is bended while it is still connected with the mother plant 
and part of it is covered with some quantities of soil. This process is known as 
layering. 


If the bending of the branch is difficult because of its hardness for ex- 
ample, it can be aerial layering by enclosing it with a soil-containing pot and 
leaving it for a period of time (about 6 weeks) in that part of the branch, bur- 
ied in the pot, forms adventitious roots. Then, the branch, which has become 
containing roots, can be separated from the mother plant and grown in another 
place. Among plants, which can be propagated by layering, are grape, lemon 
and orange and others. 


3. Propagation by Grafis 


The process of grafting is the attachment part of a plant to the part of an- 
other plant. This method is used to reproduce plants with desired properties. It 
is noticed in the experiment if a part of plant taken which has buds as orange 
and it replaced on another plant similar to characteristics as lemon, the bud of 
orange will grows forms flowers and fruits on lemon tree. 

The part which contains the buds is called selam while the other part is called 
as stock. 


fiery are few main (types of eratting 
f 


a. Budding Grafting 


A bud is taken from a plant with desired properties placed in a split of T 
shape within the stock. Their two sides are lifted and the bud is inserted in it 
and covered again with two sides then the bud tied up in its place. 


b. Cleft Grafting 


Cleft grafting is carried out by cutting the stem of the stock tree hori- 
zontally near the soil surface. Then a vertical split is made in it. Afterward, 
a branch containing a number of buds is taken from the scion and its end is 
trimmed in such a way that it fits the split and it is put cautiously in such a 
manner that cambium tissue fit one another in the scion and stock. Then this 
place is tied up and covered with the wax. 

It is important to know that grafting always not succeeds, only if there 
are alike properties between scion and stock. Means they must be from the 
same class of plants, so orange cannot grafted on peach but can be grafted on 
lemon and also peach can be grafted on plum. 


Propagation by Grafts is used to 
reproduce plants with desired 
properties. 


Figure 3.23 Vegetative propagation 
in plants 
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The importance of Vegetative propagation in plants 
The vegatative jarapagotion is used ia glue for muray purpases; 


1. To propagate the plants which do not produce seeds 

2. To propagate hybrid plants without change since their seeds do nat give all 
of the plants which are similar to the parents. 

3. To propagate plants which the seeds are germinated at low rates, 

4, To increase the propagation speed and speed-up the fruiting. 

§. To adapt the plants to new conditions. For example, roots of the pear trees do 
not grow well ina sandy soil bul they can be grown in such a soil successfully 
by way of grafting it on stocks of peach trees of which the roots blossom in 
this soil, 

6, Preventing the affection by some parasites, which attack roots of specific 
kinds and do not attack other kinds, For example, roots of the European grape 
are subject to be affected by a type of parasites, which do not hit roots of the 
American grape. If stocks of the American grape are grafted by those of the 
European grape, the Latter grow without being exposed to these parasites, 


Plant tissue Culture 


The plantation of plant tissues is regarded us one of the applications 
of vital techniques which help in reproduction of plants and this represents the 
artificial vegetative propagation. Simply it means; the development of plant 
tissue and cells outside the plant body, in environment or in proper feeding me- 
dia. The result is formation or development of plant buds which transformed 
during proper time to form a mature plant. 

The advantage of this tissue plantation in plants. to get a plant with 
desired properties. The salt resistance and the changes in temperature and it 
also used to overcome some plantation problems like long life, as in date palm 
tree, 

The tissue plantation become common in the world and in lrag, 
some studies at research centres achieved a success in this field. 


The tissue plantation for date tree con be summarized as follows. 


1, One. of the offsets is separated from the mother plant; mostly a destred offset is 
selected because it has an active growth. 

2. The apical growing pan extracted and this requires sterilized media to pre- 
vent contamination of extracted tissue. 

3. The apical growing part partitioned into small pieces, because it contains 
active cells. 

4. The tissue planted in media which contains nutrients, reliable humidity and 
temperature. After transplanting it to 4 normal environment, 
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Reproduction in Animals 


The members of the animal! kingdom show a big difference in reproduc- 
tion ways and mostly reproduce sexually but some animals which reproduce 
sexually and asexually, the basic structure of the reproductive system in 
animals is similar although there are some differences in reproduction habits 
and fertilization ways which made many changes especially in vertebrate. 


We will steady some examples about reprodiction dod reprodnetive systems in 
iotividnals af ansmat kingdom. 


Reproduction in hydra 


Hydra belongs to class Hydrozoa they mostly are sea-living animals but there 
are some that lives in fresh water, It lives individually or in colonies, the ideal 
life cycle of hydra in two stages, asexually stage Polyp and sexually stage Me- 
duse. Notice that hydra of fresh water doesn't have sexual stage medusa; some 
Kiodsof hydra havesexual stage only without asexual stage. Hydra reproduces 
asexually and sexually. 


l- Asexual Reproduction 


Hydra reproduces asexually by bedding, and this kind of reproduction 
happens when the food is available, so mostly at the beginning of the last third 
of the body it forms. a little bulge is called bud which contains vacuole that ody livers 
represents the main vacuole for the mother animal. toderm and 

a 


The bud grows and extends, and when it reaches the suitable size at 
the far end the little bulges will appear and grow, then the mouth forms, during 
several days the bud grows and appears as a complete formatted small animal 
which is connected to the mother, and after a short period it pinches of at the 
base of the bud and in the connected area with mother body, And then the bud 
separates from the mother and it clases its base and also closes the hole which 
was left in the mother body, then the independent life stans, The one animal 
may forms many buds which grow mto new individuals, 


soe 


Hydra reproduces asexually in another method which is Fragmenta- 
tien and Regeneration, it has been found when bydra cut into many pieces 
most of them renews info a small size complete hydra. 


2- Sexual Reproduction 


~ Hydra is present in nature cither Monoecious or Hermaphrodite so the an- 
imal his ovaries and testes in the same individual. There are some kinds of 
hydra separated sex (Diocious) so the testes are in one animal and the ovaries 
in another animal. 


~ Hydra gets stimulated to form ovanes and testes in certain circumstances as 
changes in the temperature and raising the concentration of carbon dioxide in 
the water especially in the season of autumn. 


Figure 3.26 Sexual reproduction in 
hydra 


- Gonads form in shape of bulges which is covered by the outer layer for the 
body wall, the testes usually take a cone shape in the upper half of hydra’s 
body; the ovaries are sphere structures takes position in the lower half of the 
body near the lower disc. 


- Testes are formed from interstitial cells which are available in the body wall, 
and these cells are not differentiated and it may differentiate to form any kind 
of cells when is needed. The interstitial cells form spermatogonia which pass- 
es through a sequenced formation stage to produce sperms that collects in an 
expanded structure which opens out to release the sperms into the water and it 
finds its way to the egg. 


- The ovary also forms in the same way as testes and differentiates at several 
interstitial cells to form oogonia. The size of one of the oogonia increases and 
usually the central oogonia increase, which supplied by food from the adjacent 
dissolved cells. The oogonia will have formation stages to produce big sized 
mature ovum. When the ovum formation is complete, the surrounding skin 
layer splits and the ovum remains stuck by the base of the ovary until it meets 
the sperms, then fertilization takes place and the zygote is formed. 


Figure 3,25 Budding in 
hvdra The zygote passes by formation stages which are stuck by the mother 
' body and then separates from it after it has been covered by protective layer to 
resist unsuitable environmental circumstances, in the season of spring young 
hydra come out. 
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Repradiction in Planarian 


Planaria belongs to tape worm (flatworm) class which includes a big 
variety of worms its length varies between 1mm to several meters as in tape- 
worm, and its flat body is thin and horizontal as the leaf of the tree or looks like 
a tape. 


Sexual and Avenel Reproduction in Planaria 
f-scccel!l Reproducian in Planaria 


Planaria reproduces asexually by Fragmentation and Regeneruthon, 
when the worm is cut into many pieces; these pieces grow and renew to form 
new complete worms. 


The laboratory experiments have proved that fragmentation represents 
a procedure which brings attention in laboratory studies for example if a piece 
from the middle of planaria worm is removed it may form a new head and a 
new tail by fragmentation. 


This piece keeps its original poles, so the head grows at the front side and the 
tail grows at the back side. Planaria of fresh water reproduces asexually by 
binary fission so the animal pinches off behind the throat and it pinches off 
more gradually then the animal divides into two individuals, each one of them 
complete the missing parts. 


Binary fission in Planaria is a quick reproduction method, the animal heads 
towards this method when the population decreases. 


J-Seveul! Reproduction in Planariea 


Planaria is hermaphroditic; the same animal has got male and female 
reproductive organs. The male reproductive organs consist of many sphere 
shaped testes which are connected to the vas deferens. The vas deferens is 
connected to penis on both sides; the penis enters into the genital closca, 


The seminal vesicle is situated at the base of the penis. The sperms 


formed in the testes and it passes by the vas deferens to seminal vesicle which 


remains there until it is needed. 


Female reproductive organs consist of two uvarles and two long owl- 
duets where many glands connected to them, wlerus and yagina where they 
are open to genital cloaca. The eggs form inside the ovary and it passes to the 
oviduct then into the uterus, the fertilization takes place then the cocoon is 
formed. 


During the intercourse,the sperms transfer from an animal to another 
two intercourse animals or two conjugated animals the reproductive organs are 
designed to prevent self-fertilization. 


Figure 3.27 Asexual reproduction 
in Planaria (fragmentation and 
regeneration) (for study) 
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Figure 3.28 Reproductive organs 
of Planaria 
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Reproduction in Ewethowerm 


Earthworm belongs to class Segmented worms, this class is very wide 
and it includes around 9000 types and the most common one is the earthworm, 
freshwater worms with a few pili, but the sea worms represents most of the 
individuals in this class (two third of class individuals). 


Earthworms reproduce sexually and it is hermaphroditic, so the male 
and female reproductive organs are in the same animal. 


Male reproductive system consists of the following: 


a. A Pair of small testes which are positioned in the each body segments 10 
and |}. 

b. A Pair of sperm femels each one is represented by funnel structure situated 
near each testes. 

e. A Pair of vas deferens extends into segment 15 and each one of them is 
opened into a separate hole on the abdominal surface for that body segment. 
d. The testes, sperm funnels and the vas deference of each side gets covered by 
three seminal vesicles, the total is three pairs of seminal vesicles for each side. 


The immature sperms transfers from the testes to get mature inside the 
seminal vesicles, then passes into the sperm funnels then into the vas defer- 
ence finally into the male genital openings in the body segment number 15 and 
comes out during the intercourse. 
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Figure 3.29 Reproductive organs 
in earthworm (for study) 
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Femate m miuctive ystem ¢ wsists of the followime 
i. A pair of small ovaries which are situated in the body segment number 13. 


b. A pair of fimbrea funnels which are situated near the ovaries within the same 
body segment and it extends to the next segment. 


c. A pair of eviduets which extend to the segment number 14 and they are open 
separately through the female genital opening on the abdominal surface for the 
body segment number 14 

d. Two pairs of spermathees (seminal receptacle) in the segment number 9 
and 10, the first pair opens into the furrow between segment 9 and 1A and the 
second pair opens into the furrow between segment I0 and IH. 


Intercourse in Earthworm 


The intercourse in earthworm usually happens during the night and 
especially in moist hot climate in the seasons, spring and summer. During the 
intercourse each one of the animals extends the front side from the hole which 
they are located in, so the abdominal surfaces of the two worms are faced to 
each other in opposite directions, so the Saddle area (clitellum) for each worm 
will be opposite the spermatheca openings of the other worm. 

The two worms attach to each other by mucus which is secreted by the 
saddle and the body of each worm will be covered by mucus layer from the 
segment 8 to the point before the saddle. 

The two worms exchange the sperms which are released from vas def- 
erens opening that is located on the abdominal surface for the body segment 
number 15 from each worm, the sperms of each worm goes under the mucus 
layer towards the saddle to enter to the opening of the spermatheca for other 
worm (the fertilization is cross, that means each worm gives its sperms to the 
other worm during the copulation). 

The saddle in each worm starts excreting mucus substance to form 
mucus tube on the saddle called cocoon. 

As a result of moving the cocoon slips and while passing the 
body segment number 14, which the oviducts openings are, so it release off the 
eggs inside cocoon and when it arrives to the seminal receptacle openings it 
releases sperms in it, in this case the cocoon contains the eggs and sperms. 

The cocoon slips off on worm’s body to be free completely, 
after that the fertilization takes place. The cocoons gives off in moist soil, 
inside the cocoon formation of new individuals start without passing caterpillar 
stage, after two — three weeks the cocoons split and new worms similar to 
adults comes out. 
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Figure 3.31 (a) Male reproductive 
system in insect 
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Reproduction on basects 


Insects show big differences in reproductive systems and reproduction 
methods; this difference comes of a huge variety of insects. It’s the most vari- 
ous animal group, and includes nearly a million types. 


Insects usually aredioecious, the two sexes are separate into male and 
female, most female insects are bigger size than males, there are other differ- 
ences between male and female which are colour, having wings or not, shape 
of antenna and the legs. 


Reproductive organs in basects 


The reproductive organs in male and female are not differentiated until 
the growth stage after embryo formation is completed, different kinds of insects 
have different reproductive systems, in general reproductive organs in insects 
divides into two parts: 


i. The inner reproductive organs, consist of gomads and a group of exported 
canals and some supplements like glands, spermathees and some other. 

2. The external reproductive organs, this represented by ovipositor in female 
and copulation apparatus in male. 


i-Male reproductive system in Insects 


Live reproducti sesh cine of thi pari ani fone sirpin en 


|. Two testes which are located above the digestive tube or on its side, the testes 
in insects consist of group of small tubes called seminiferous tubules, 

2. Seminiferous tubules opens into small canal on the same side called vas def- 
erens, the front part of vas deferens is connected to the testes, and the back part 
is connected to the seminal vesicle which represents wide area of vas deferens. 
3. Two vas deferens unites to form ejaculatary duet which extends into the 
penis, and this opens in the end of it to the reproductive opening which releases 
the sperms from it. 

4. Two accessory glands which located in the beginning of ejaculatory duct and 
they secrete mucus liquid which surrounds the sperms and it forms sac struc- 
ture around it called sperm spe, 


2-Female reproductive system in Insects 
Female reproductive system Consist: if the followin parts and 


|. A pair of ovaries, each one of them consists of a number of ovum tubes 
called wvarieles and these tubes don’t contain a vacuole, ovarioles contain oo- 
gonia and oocytes. And also contain nurse cells for their (oocytes) nutrition. 
2. Two oviducts on the sides and the back part of each ovary are connected 
to an oviduct on each side. Two oviducts on the side unite to form the main 
oviduct into it. 


3. Seminal receptacle; this is a sac structure belongs to female reproductive 
system in most insects and some insects have two or three seminal receptacles 
usually a gland connects to the seminal receptacle called a gland of seminal 
receptacle which secretes a liquid to keep the sperms while it stays there. Sem- 
inal receptacle connects to the back wall of vagina and it receives the sperms 
during mating after that it releases them to fertilize the eggs. 


Accessory glands, these are represented by a pair of glands which are 
connected to the end of it to be open in the vagina. Vagina; is the back 
part of the reproductive system where the main oviduct opens the function of the 
accessory glands varies in insects, in some insects the accessory glands are 
responsible for forming the ovisac as in cockroaches it is also used as defence 


as in bee and in ants the accessory glands are used to mark its path. seals 
oviauc 


Fertilization and reproduction 


Fertilization takes place when two adult insects male and female from 
the same type meet and then mating will take place. During mating the male 
reproductive opening flops on female reproductive opening, so the male ejac- i= 
ulates the sperms into the vagina and female releases its mature eggs in the Accessory gland 
vagina too, the sperms fertilizes the eggs. 
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Fi igure 3.32 Female reproductive 


Female insects usually lays its zygote in places which have suitable nyvonm Gt insect 


environment for its growth, it lays the eggs in holes which it digs them by ovi- 
positor or sticks them on plants leaves, or lays them in holes. 
In this case the insects called oviparous, and the reproduction defines as ovipary. 


There are some insects lays larva instead of eggs, these insect called Postėror vena cava 
viviparous and can be owuyiwiparosts, this kind of insects keep the zygote inside 
its body certainly in the oviducts, the embryo will grow and develope and 
the egg. hatches then the small insects come out. 


Reprafvction in Frog 


Frog belongs to Amphibian class within vertebrate phylum; it repre- Aorta 
sents the example which explains the strategy of body forming in quantic feet. z 
Frog reproduces sexually; we summarize the contents of male and female re- 
productive system in frog and also reproduction in frog. 


l. Male reproductive system in Frog. 
Male reproductive system in frog consist the following; 


A pair of testes which are attached to the kidneys, the testis stretched 
egg shape structure, and its light yellow, it connects to the inner wall for the 
body by mesorchium. There are many finger shape projections near the front 
end of the testes, these called fat body. It represents food store, the animal 
use it for the growth of the testes during the winter season. Testes contain 
wiggled seminiferous tubules with internal wall which is responsible for sper- 
matogenesis. 


Figure 3.33 Male reproductive 
system in frog (for study) 
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Yasa efferentin, numbers of them are 10-12 which connects to semi- 
hiferous tubules, and it connects to kidneys tubules. 


Two vas deferens these are joint canals with kidneys canals therefore it 
they called urogenital duets, they transfer the urine and the sperms and it 


Posterior $ opens into the closes, in some frogs the back part of vas deferens can expand to 
KETA cava i form seminal vesicle the sperms will be stored in it. Frogs don’t have external 
Adrenal 1 male mating organs. 


2. Female Reproductive system in Frag 


mesovarium $% l Ny Fiiil aa eveiede in don comslstat the follouine tinichuwes. 
Two ovaries which are located near the kidneys, they connect to the 

inner body wall by mesovarium, the ovary in frog is irregular sac structure 

it appears as a sac with multi-clove. And its colour is black to grey, there are 

adipose bodies in the front end of the ovary, as in male, the two ovaries will 

be expanded a lot during the reproduction season. 

The eggs formed from germ cells which is in the lining of the ovary through 

oogenesis. 


Cloaca 

Two oviducts, the oviduct in frog is wiggled, long, white tube and it 
Figure 3.34 Female reproductive doesn’t connect directly to the ovary, the front end of each oviduct is a funnel 
system in frog (for study) structure with fimbrea opening, the function of fimbrea is represented by mov- 
ing the eggs to the back. There are glands in the inner layer of oviducts which 
secrete albumin layer around the eggs while passing in the canal, the back 
end for each oviduct will expand to form ovisae which the eggs are collected 
before it gets released. Oviducts are open by two seperate openings in the wall 
of cloaca. 


Mating and Fertilization in Frog 


Sexually mature frogs gathered with each other in reproduction season 
which is usually in spring season, they are available in the lakes with shallow 
water, the male frog hugs the female by its front parts, the first finger in male 
is expanded to form nuptial pad which helps to hold the female, the frogs 
stay like that for period of time, so the male presses on female’s body, then 
female starts to release its eggs in the water, and at the same time male starts 
to ejaculate sperms on the eggs, so fertilization takes place, and usually the 
one egg will be surrounded by a big number of sperms, but only one sperm 
succeeds in fertilization, and then the zygote will be formed which represents 
the beginning of forming a new animal. 


Fertilization takes place outside the female body, this is called external 
fertilization. After that the zygote will pass by cleavage stage and tadpole 
forms which it has tail, with growth progress and having morphology chang- 
es, the tadpole will lose its tail and the gills which will have lungs instead to 
achieve respiration in adult frogs. 
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As the case in most vertebrate the sexes in human also is separated, 
the reproductive system in human is more complicated than other vertebrates; 
we will study the parts of male and female reproductive system and the function 
of each one. 


Male reproductive system in Human 
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" Figure 3.36 Malle reproductive 
system in human 


Testis 


Male reproductive system in human consist of reproductive organs and acces- 
sory glands. 


Table 3.3 Explains content of mate 
reproductive svstem and function 
ofeach one 


ORGANS FUNCTION 
A. REPRODUCTIVE OR- 
GANS 


1. Testes (2) they are located in Sc- | Produce sperms and sexual hor- 
rotum outside of the body to per- | mones. 

form their function at available 

temperature. 


2. Epididymis (2) The place to store the sperms, 


: sfere > 
3. Vas Deferens (2) Sperms movement. 
4. Ejaculstory Duet (1) Delivers the sperms to the penis. 
5. Penis (1) intercourse organ, 


1. Seminal Vesicle (2) Secrtes liquid to the sperms and 
its secretion makes big part of se- 
men hgud 


2, Prostate Gland (1) Seeretes some of semen liquid 


3. Bulbourethral Glands (2) also |Secretes mucus liquid heips the 

called Cowper's Glands Sperm 10 Move iso helps to 
equalize ihe acidity of the liquid 
which the sy bet produced 


Sperm Formation 


The testes in human is an oval shape it contains seminiferous 
tubules, and the length of seminiferous tubules all together is about 251) me- 
ters. 

In the seminiferous tubules spermatogonia forms which will increas- 
es in size and divides normal division to form two primary spermatocytes and 
both of these cells are bi chromosome group (28). 

Primary spermatocytes undergo meiosis to form secondary spermato- 
cytes and these cells are haploid chromosomes group (), followed by second 
meiosis division to produce early spermatids which are haploid chromosome 
group (m), and these differentiate to form sperms which is also haploid chro- 
mosome (n). 


Mature sperm differentiates into three parts: head, middle piece and 
tail, the head consists of nucleus and a head cover which contains the serv 
some in the front part, it is thought that the function of acrosome is forming 
materials with enzyme nature, the egg membranes get dissolved by this ma- 
terial in the area which sperm meets the egg so this facilitates the passing of 
sperms to the egg surface, and the middle piece contain an axil of longitude 
tubes, it is believed that it controls the movement of the tail. 
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Figure 3.37 Testis structure in 
human (for study) 


Section in seminiferous tubules Section in testis shows seminferious tubules 
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Middle piece Figure 3.38 Mature sperm in 
human 


d- Fenmile reproductive syslen in lias 


Female reproductive system in human consists of two ovaries, two ovi- 
ducts, uterus and a vagina. 


The ovaries contain thousands of eggs and they are usually smaller 
than the testes, each egg grows inside a follicle called giruffianm follkele and 
this grows and increases in size, until it explodes in the end to release the ma- 
ture egg. During woman’s fertility period, about 13 eggs get matured every 
year, so about JOO-MMI eggs only gets a chance to be mature and the rest 


of the eggs are dissolved and absorbed. 


The two oviduets are called Fallopian tube these tubes to carry the 
eggs, the front part of them has funnel shape openings to receive the eggs 
which it releases from the ovary after ovulation, oviduct has a fimbrea lining to 
push the eggs in its way. 


Oviducts open in the upper sides of uterus, which specified to keep the 
embryo during the nine months while staying inside the uterus. 


The uterus has a thick muscular lining, and a lot of blood vessel and 
specialized lining. 


Vagina, this is represented by a muscular tube ready to receive the 
embryo after it exits from the uterus; it’s also specialized to receive male organ 
during the intercourse. 
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Figure 3.39 Female reproductive 
system in human (for study) 


Transferring the eggs from the 
2. Oviducts (2) This is called Fal- | ovary to the uterus and usually 
lopian Tube the fertilization of eggs takes 
place in it. 


It secretes mucus material to help 
sperms to move inside the uterus. 
After fertilization it protects the 
embryo from bacterial infection. 


4, Cervix (1) 
Table 3.4 Female reproductive sys- 
tem and their function in human 


Fertilinaion and pregnancy 


Fertilization takes place when the sperms enter to the vagina during the inter- 
course between male and female at or near the ovulation time. 


The sperms swim from vagina towards the cervix then enter into the 
uterus then ascend to the Fallopian tube, where the fertilization takes place if 
there was a live mature egg in the upper third of it. If mature egg descended 
to the lower part of fallopian tube before the fertilization it loses its ability for 
fertilization. 


The mature egg gets fertilized by one sperm only, after fertilization 
the zygote formed in the fallopian tube, and then it starts to go down until it 
reaches the uterus where the embryo is implanted in the thick lining of the 
uterus. Embryonic membranes grow to form a sac which surrounds 
the embryo and it contains amniotic fluid. 

At the end of implanting the embryo to the uterus lining pregnancy 
stage will start and the carpus luteum continues to secrete progesterone hor- 
mones after the 26" day of menstrual cycle until the fifth month. So it lacks the 
ability to form enough amount of this hormone to continue the pregnancy, the 
placenta replaces, and it works as endocrine gland to give enough amount of 
progesterone hormones to the lining of uterus directly instead of secreting it to 
the blood. 

The embryo will be ready for birth after about 9 months of the begin- 
ning of its growth. Before the birth the placenta will stop to produce proges- 
terone hormones, the uterus starts to contract, and this is the first sign to start 
the birth, then the cervix expands and the sac which contains the fluid will 
split. Then the liquid comes out and the uterus starts to contract strongly and 
consequently to push the baby outside the uterus through the cervix then to the 
vagina and then to outside of the body. 

The size of the breast in women increases during the pregnancy, the 
milk gland secretes the milk as a respond to the effect of the hormones. 


Mensirual Cyele 


In the reproductive system of sexually mature female, periodic chang- 
es happens, these changes start when the female reaches the adolescence age 
12-14, these changes happens within menstrual eyele. 

Menstrual cycle includes changes happens in the ovary which leads to 
ovulation and explains the main roles for ovulation and the growth of ovarian 
follicle, and also changes in the lining of the uterus, the table (3-5) explains the 
events of ovarian eyele and uferineg eyele. 


/-Ovarian Cycle 


The Ovarian cycle is controlled by Gonudutropic Hormones, Follicle 
Stimulating Hormone (FSH) and Luteinizing Hormone (LH), we summa- 
rize the events of ovarian cycle as the followings: 


a. Early Follicle forming stage; It contains oogonia which are diploid (2n), 
and the first meiosis starts. 

b, Primary Follicle forming sinse; A non-cellular membrane called zone 
pellucida starts to forms around the egg. 

c, Secondary Follicle stage, the vacuole of follicle appears with full of secre- 
tions from the follicle cells, blood plasma contents, protein and others. 

d. Mature follicle stage, the follicle gets mature and the first meiosis complet- 
ed, the secondary oocyte and a primary polar body forms. 

e, Ovulation stage, the follicle splits, then the secondary oocyte and first polar 
body releases. 

L Corpus Luteum formation stage, Corpus luteum forms from the follicle 
remaining. (The Corpus Luteum dissolves when the woman is not pregnant). 
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2- Uterine Cyele 


Female sexual hormones in the ovarian eyele produces estrogen and 
pregesterame, these hormones effects the internal lining of the uterus endome- 
briw and this causes periodic events called uterine cycle the period of 
this cycle is 28 days and it divides as the following: 


l. Between the days 1-5 the level of sexual hormones is low, this leads to tear 
the lining of the uterus and its blood vessels, and the blood comes out by the 
vagina during the monthly period. 


2. Between the days 6-14 the ovarian follicle will increase producing oestrogen 
hormone, the internal lining of the uterus thickness and becomes rich with ves- 
sels and glands, this called reproduction stage, the ovulation usually takes place 
in the day 14 of the 28 days of cycle. 


3. Between the days 15-28, the corpus luteum increase producing progesterone 
hormone causing double increase in thickness the lining of the uterus and in- 
creasing uterine glands which produces mucus secretion, this called secretion 
stage of the menstruation cycle. 


The internal lining of the uterus in this case will be ready to receive 
the embryo. And if there isn’t pregnancy, the corpus luteum disappears and the 
level of sexual hormone decreases in female’s body and the internal lining of 
the uterus tears, then the monthly period takes place. 


Reproduction 


Events Stage Events 


2. Forming The internal 2, Ovulation Decreases 


stage days (6- | lining of the stage days (14) | production of 
13) uterus repairs luteinizing hor- 
itself el mones (LH) 


Table 3.5 Ovarian cycle and uterine 
cycle in human 


Parthenogenesis 


Parthenogenesis is type of reproduction which the embryo grows from 
non-fertilized egg. This kind of reproduction happens in the aphids, insects and 
in many kinds of fishes, amphibian and desert lizards. 


Parthenogenesis is common in honey bees, the female of bee or the 
queen gets fertilized by the male once in its life. It keeps the sperms in a sac 
which is connected to the reproductive passage, closes by muscular valve, 
when the queen bee lays her eggs, it opens the valve to release the sperms, so 
these sperms fertilize the eggs or it keeps it closed,the eggs will grow without 
fertilization and the fertilized eggs become male. 


In some cases the parthenogenesis is the only type of reproduction, there 
are certain gathers of Whiptail lizards which lives in south-west of America and 
their individuals are female and these females are diploid (2n). So, because their 
chromosomes doubles it self before meiosis division to be tetraploid chro- 
mosome (4n) and after the division it becomes diploid, these eggs which are 
diploid grow without fertilization . 


Hermaphroditism 


Many types of animals has male and female reproductive organs in 
the animal, this kind of animal called hermaphrodite, therefore the one animal 
produces eggs and sperms, usaully most of hermaphroditic animals avoids self 
fertilization but tapeworm have ability to fertilize itself (self fertilization). 


Although it has male and female reproductive organs at the same time, 
but it fertilizes its eggs by sperm of conjugated animal or vice versa. There 
are some hermaphroditic animals avoid self-fertilization because growing and 
maturing of eggs and the sperms in different times. On the other hand the tape 


worm has the ability to do self-fertilization, so its sperms fertilize its eggs. 


Hermaphroditism has different shapes in many invertebrate animals 
like some hydra, flat worm, annelids and some types of scale. It seen in some 
kinds of fishes but rare in other vertebrates. 


—_—— 
Review 


O10 Write the suitable scientifie term in each of the following 


Me sige etege tibin tate cells which are produced by mitosis from the primary germ cells which are lined for the seminiferous 
tubules. 

Libs siding 2 dataset iaa unicellular organism is from green algae, and its green cell has got two flagella. 

fs ee ee ee TE it is egg shape or cylinder sac structure and it has pollen inside it. 

ee has a green colour heart shaped structure and carries Archegonium and Antheridium. 

Driene N are expanded stems store the food and grows under the ground. 

Oda: is vegetative propagation method, the branch remains connected to its mother and it buries under the 
ground. 


Q.2 Mention the location and the function of the following. 


Acrosome, Interstitial cells, Corpus luteum, Accessory glands, Prostate glands, Fallopian tubes, Sporophyte, Stigma, 
Micropyle, Torpedo stage. 


O.3 Compare between the follawings. 


. The donor cell and the recipient cell in sexual reproduction of bacteria . 
. Archegonium and Antheridium. 

. Sepals and Petals. 

. Cross pollination and Self-pollination. 

. Artificial fruits and natural fruits. 

. Compound Fruit and aggregate Fruit. 

. Reproduction by stolons and reproduction by Rhizomes. 

. Oviparous insects and ovoviviparous insects. 

. Conjugation and self -fertilization in Paramecium. 


COrAINN BR WN = 


O.4 Complete the followlags. 


1. The sperms form in ..........ceeeeee ee eens which consist of big number from..................0008 

2. Reproduction in viruses happens through two integrated cycle first one is ............ cycle and......c. eee eee ceca ee 
cycle 

3. Paramecium reproduces sexually by ..................5. ANG E E E nebie ase eeaanans 

4. Anthocyanin pigment accumulates to mature fruit as in .......... and si ascncshaasaiivess 

5. The ideal life cycle in hydrozoa are in two Stages...........cccceeee eee eee ANG. ore NEET 

6. Planaria reproduces sexually DY............ccccceeceneeeeneneeneuenaeees 

7. The reproductive organs insects are two parts ...........6.608 andae eadads 

8. The length of seminiferous in human testes is............cccceeeeeeeeeeeeeeeees 

9. Mature sperm in human divides into three parts are........ pete ate TEN ONG: cadseieions es: 


Q.5 Define the following scientific terms, 


Double fertilization, multiple fruits, pollen tube, nuptial pad, Graffian follicle, parthenogenesis. 


(6 Choose the correct answer for each of the followings, 


1. Hydra reproduces in many ways except: 
a-budding c-fission b-regeneration d-gametes 


2. Alternation of Generation appears in life cycle of: 
a-Bacteria c-Amoeba b-Plasmodium d-Polytrichum 


3. The number of spermatids that formed at the end of spermatogenesis is: 
a- (4) c- (6) b- (2) d- (8) 


4. Bacteria reproduce asexually by: 
a-Budding c-Regeneration b-Binary fission d-Spores formation 


5. Paramecium reproduces asexually by: 
a-Binary fission c-Budding b-Regeneration d-Spores formation 


6. Which one of the following organisms doesn’t reproduce asexually by bina- 
ry fission ? 
a-Paramecium c-Euglena b-Bacteria d-Black bread mold 


7. Hydra reproduces asexually by: 

a-budding and binary fission 

b-budding and fragmentation and regeneration 
c-spores formation and binary fission 
d-fragmentation and regeneration 


8. The shape of leaves vein in the plants with double split is: 
a-netted c-vertical b-paralle! d- crossed 


9. One of the following organisms reproduces by fragmentation and regen- 
eration: 
a-Planaria c-Bacteria b-hydra d-none of them 


Q.7 Write a summary about each of the followings: 


1. The role of the bees in plants pollination. 
2. Cleft grafting 
3. Male reproductive system in frog 


0.8 Write what you knew wheut the followings: 


1. Explain the steps of asexually reproduction in bacteria by a diagram. 
2. Alternation of Generation in plants reproduction. 
3. The steps of tissue transplantation for the date palms. 


4, The events of uterine cycle in human female. 
1.9 Expliin whai happens in the following casts: 


1. Disappearance of corpus luteum in forth month of pregnancy. 
2. The location of testes inside the human body. 
3. Absence of cilia in the lining of fallopian tube. 


Q.10 Explain by a diagram with writing the data: 


1. The stages of sperm formation. 

2. The three layers of the fruit. 

3. Reproductive system in Planaria. 

4. Male and female reproductive system in insects. 


1.01 Justify ond explain the following facts (write causes): 


. Reproduction enables the survive of species. 

. Alternation of Generation is the best way for reproduction. 

. Only some members provide reproduction process in some species. 

. In asexually reproduction some organisms disappear when the environmental conditions available. 
. Human usually uses artificial fertilization. 


. Production large number of pollen grains. 


SAYA mn fb U N me 


- Presence of micropyle in the ovary and the seed. 

8. Presence of Cowper gland, prostate gland and seminal vesicle in the male reproductive system. 
9. Viruses are able to grow and reproduce inside the living cells, but it loses this ability outside. 
10. The tail of virus secretes enzyme when attaches to the bacterial cell. 


11. The farmers advise to have bee hives in their farms. 


CHAPTER 4 
Embryonic Development 


Differentiation. 
rion in Animal. 


in Amphioxus. 
1 in p fiumandi 


ww le ig i i Animals. h 
Infertile treatment technique: 


Objectives 
1- Define the concept of growth. 
2- Define the concept of cellular differentiation. 
3- Determine the levels of organization in animals. 
4- Summarize the most important theories of 
Embryology. 
5- Define the term of Cleavage. 
6- Define the term of Gastrulation. 
7- Explain the stages of embryonic growth of Amphioxus. 
8- Identify the factors lead to congenital malformation in 
human. 
9- Identify the types of twins. 
10- Define the Stem cells and their types. 
11- Explain the concept of cloning. 


Introduction 


Embryonic development or the growth is worth to give attention. In many cases it 
leads to wonder, so how is the tiny human egg Its diameter is one hundrend 
micrometer and it is not seen by naked eye becomes a complete organism 
which consists of billions of cells and each group of them achieves functional 
role. Embryonic development includes growth, and differentiation which 
are basic characters of life. 


The question is “How the formation of complete organism can be per- 
formed from singh eelt? 


To answer this question, we say, all the necessary information is avail- 
able inside the zygote, mainly in the genes of nucleus. All the stages of embryonic 
development controlled by DNA particles which located inside the zygote. 


€ oncept at Growth 


Growth can be defined as an increase in size and weight of cells of 
organisms. The tissues are made up from a large number of cells which play the 
main role in the stages of growth, the growth of the organisms occur byone 
of the following methods: 


l-Growth by cell reproduction or cell duplication, that’s achieved by forming 
new cells by division. 


2-Interstitial growth, this kind of growth means is the increase in the cellular 
substance which found in construction of tissues as intercellular substance in 
connective tissue. Hyaline cartilage cells grow and differentiate into mature 
cartilage cells which secrete interstitial substances. This forms the base mate- 
rial of hyaline cartilage tissue. This represented by chondiro-mucopreteln so 
the cartilage grows by increasing its interstitial substances. 


3- The growth of a vimgle cell; this kind of growth is rarely happens, it is 
growth in size of the cells, for example the growth of nervous cells; it increases 
in size and multiples of the original size. That’s because the increase in the size 
of cytoplasm through new organelles formation, and also the growth of den- 
drites in the nervous cell which increases the surface area of the cell. 


Concept of Cell Differentiation 


Cell differentiation is defined as the ability of embryonic cells in the ear- 
ly stages of embryonic development to get functional ability, this means functional 
ability of cell or a group of cells which other cells can’t do it. For example con- 
traction in the cell or fiber muscle is special functional trait for muscular cells, 
can’t any other cells do it, and also secretion which happens in the glands cells. 


Although there are some recognized factors which play roles in di- 
recting some cells in differentiation but the procedure of differentiation is not 
understood completely. 


ne Embryonic development 


Level of Organization in Animals Complexity 


{ obesity is regarded as one of important characteristics in history 
of animal development, so the simplest unicellular animals have much more 
narrow field in complexity level. Despite of that, these animals are complete 
organisms and they do all the main vital activities which the more complex 
animal do it. Animals show five level of organization, and they are ordered ina 
way so each one of them is more organized than the previous one as following: 


A-Protoplasmic level of organization 


Protoplasmic organization is clear in unicellular organisms as Protis- 
ta. In these organisms all the vital activities take place inside the one which 
represents the main unit of life. In the protoplasm of the cell some organelles 
specialized to do special functions. 


B- Cellular level of organization 


In this level of organization we sce division in the function, that some cells 
are specialized for reproduction and others for nutrition as in colony of volvox. 


C- Tissue level of organization 


In this level of organization, the identical cells group gather to form a 
tissue. Scientists think that sponges belong to this order in level of organ- 
ization. 


D-Level of organized tissues 


Organization and mostly the organs are made up of more than one 
type of tissues, so it has a function which is more advanced than other types of 
tissues. This level of organization starts in flat worms, which has a number of 
limited organs like proboscis and reproductive organs. 


E-Level of empurt spetent 


In this level, the organs work together for a certain function, reaches 
to the highest level of organization which is organ system, the systems do the 
main function for the body, like blood circulation, respiration, digestion, and 
others. Organization shows the top level in human which is at the top of the 
development pyramid of the organisms. 
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Concept of embryonic development 


Embryome development defined as forming the organism from one 
cell which represented by zygote, until formation completed to become a mul- 
ti cellular complicated structure, similar to the parents. 


Embryoløgy is the science which studies the embryonic development 
which includes the growth and differentiation and development 


During the process of embryonic development, morphogenesis take place, 
which is appearance forming of the embryo; the main steps of this process 
are similar in embryos of all vertebrates. It is necessary to point out that focus- 
ing only on embryo development is insufficient which represents Pre-metamor- 
phosis in amphibians, and pre-hatching stage in birds, the stage of pre-birth 
in embryonic animals, but it continues to other stages involves the growth of 
the animal in living stages, for example in embryo of the frog after the organs 
formation, 


After the hatching, the tadpole doesn’t look similar to the parents; it undergoes the stage 
of metamtarphosis which includes quick changes in the body. So the tadpole 
with tail which feeds on plants in water changes to a small frog which feeds 
on meat on the land. Metamorphosis happens in insects too, in the mammals 
the new bornis similar to the parents, the first step in the growth of 
the new born start, so cartilage replaced by bones, and these bones 
continue growing for a certain time, also some organs not perform its functions 
functions for a certain time for example ovaries and testes in human. 


Opinions and Theories about Embryonic development 


Embryonic development has taken scientists and researches attentions since long 
time, and their first question was; 

What was the procedure whieh controls forming a mew organem 
that is similar to the parents? 
The scientists were unable to explain many points in the formation of embryo, 
as human creation is the secret of human existence. 


In the following there are concepts and theories about embryology: 


1. The Greek philosopher Hippocrates in the 5" century (B.C.) established the first 
qualitative notes about embryonic development for chicken, and then followed 
him the Greek philosopher Aristotle (350 B.C.) who is regarded as the embryology 
founder. described embryonic development for the chicken, at so mentioned 
that the parts of the embryo is formed according to the egg contents, he relied 
on his sight in this description by that he found Deseriptive Embryology. 


2.When the scientific method was approved in the explanation of natural 
phenomena in the 17" and 18" century, the science developed including em- 
bryology. After discovering the microscope, the scientist De Graaf in (1672 
AC) introduced a description for ovarian follicle. The scientist Leeuwenhoek 
described the sperm in (1677 AC) the ideas established which had role on the 
progress of embryology. 


4, Pre-lormution Theory: The supporters of this theory assumed that there is 
a minimized embryo inside the egg called Homunculus and its parts get big- 
ger when stimulated by seminal liquid. The attitude of these scientists was 
proved when the scientist Bonnet in (1745 AC) explained the ability of some 
eggs to grow by Parthemogenesis without fertilization in some insects. 


The other Pre-formation Theory supporters group assumed that there 
is homunculus in sperm’s head, so they proved that seen homunculus was 
inside sperm’s head by using Leeuwenhoek microscope. 


Then the scientist Spallamzani explained that forming new organism 
needs male gametes and female gametes. 


4. Epigemesis Theory: this theory assumed that the embryo is made of a granu- 
lar material inside the egg and it turns gradually into an embryo and this theory 
belongs to scientist Wolff. 


Figure 4.2 Homunculus 
inside sperm cell (for study) 


es ee 


5. The scientist Karl Ernst Von Baer set the “Von Baer Law”. This scientist 
pointed out that the general characeristics in the embryo of chordata appear 
before the specialcharaceristics in the animal of that group, for example the 
appearance of notochord in the embryo of chordata before the appearance of 
the characeristics which specializes the types which belongs to the chordata 
like growing the feathers in birds. 


Von Baer is one of the scientists who did a lot for embryology. 
He compared the embryonic development in different animals in his studies 
which named as Comparative Embryology, 


h. Experimental Thewrivs; these are the theories depends on having experi- 
ments to explain embryoinc development. Scientist Roux (1888) is the first one 
who did an experiment on the egg of frog in the first cleavage stage by killing 
one of the blastomeres by very hot needle. The formed embryo was incomplete 
and then the embryology entered into a stage called Piperimential Fmbhryol- 
ogy. 

Experimental embryology led to discover the Embryonic Induction 
in the thirties of the last century. Which means, the ability of certain tissue to 
differentiate after receiving the induction signals which make it ready for dif- 
ferentiation, for example the differentiation of Ectoderm cells after receiving 
the induction signals from lower tissues to change the neural plate which 
the nervous system forms from it. This phenomenon was discovered by the 
scientists Spemann and Helda Mangold who did many experiments on the 
embryo of frogs, the scientist Spemann got the Nobel prize in (1935 AC) for his 
experiments, and then the scientists started to give a big intrest to bio-chem- 
istry and physical chemistry in their experiments. Then the Experimenta] Em- 
bryology transferred to the level of molecule then the Molecular Embryology 
appeared which explains the phenomenon of embryoinc development according to 
the role of bio chemistry by using special machines.The Electron Microscope 
had special importance in that. 


It is necessary to mention that incurrent time that reformation Theor 
can be accepted that, all information regarding the embryoinc development already 
determined and carried on the DNA. Also acceptance of kpinenesis theory re- 


garding those different organs of embryo forms epigenetically gradually. 


Moin concept of Embryonic dereloprient 

Embryology doesn’t stop at the end of each stage of formation, but 
continues to the next stage, to explain the embryology we divide it as the 
following: 
/-Formation of Sex cells and Fertilization 


This stage includes: 


a- Formation of Gonads which are able to form reproductive cells. 
b- Producing the reproductive cells when organism reach the sexual maturity. 


e-Uniting of the ovum and the sperm by fertilization and forming the Zygote. Fer- 
tilization is not the end of sexual reproduction but it is the beginning of a chain of 
systematic and completed changes which produces new individual belongs to 

the same species. 


2-Cleavage 


It is a chain of frequent mitotic divisions which start from Zygote and 
divides into two cells (Blastemeres) and then into four blastomeres then into 
eight blastomeres and by frequent divisions. The zygote changes into a hollow 
and ball shaped group of cells called Blastula, the thickness of it is one layer 
of cells as in Amphioxus which is from prochordata, or a half-hollow ball 
and the thickness is many layers of cells as in amphibians (frog), or becomes a 
group of cells in shape of blastodise which is settled on one of the egg’s poles 
as in birds and reptiles. 


J-Gastreddten and formaton of Gero Laver 


This is regulating cells according to Vlerphogenetic Movements, 
so the embryo in this stage is complicated cellular structure called (sastrula 
which forms two germ layers in the embryo of invertebrates and protochordata. 
So the embryo is consisting of two layers; Letoderm and Viesentedernm. Gas- 
trula can be triple layers in other embryos of chordata and the embryo consists of 
Ectoderm and Mesederm and Endoderm 


4-Differentiation 


In this stage the cells would take certain direction in the operation of 
embryonic development. So the cells differentiate in the shape which is suita- 
ble with the type of function it does, as in nervous cells. It transfers the nervous 
signals therefore Histological Differentiation happens in it which represented 
by acheiving the function through axon and dendrites. 


SOrgunegenests 


It is the stage of embryo growth and organizing the cells in 
the form of tissues, and the tissue is in the form of organs that formed through 
organ differentiation during embryonic development. So the three germ layers 
differentiate to four main types of tissues they are Epithelial Tissues, Connec- 
tive Tissues, Muscular Tissues and Nervous Tissues. 


(Stage of Post hatching 


It is the stage which the embryo comes out from the egg, as in most 
fishes, all the amphibians, most of the reptiles, all the birds and some mam- 
mals, or by the birth as in some fish, some reptiles and most mammals. At the 
end of this stage the process of Sexual Maturity starts which ends up by 
sexually mature animals (male and female) which conjugate and so on. 


Embryonic Development in Amphinxus 


Embryonic development in Amphioxus has been studied to know the 
process of embryonic development in a clear way because it represents the 
simplest way. 


These processes regarded as the base for embryonic development in the ani- 
mals that are more developed than Amphioxus which belongs to protochorda- 
ta. Therefore studying its embryonic development represents connection point 
between the embryonic development stages for vertebrate and invertebrate an- 
imals. 


The two sexes are separate in Amphioxus. The gonads (testes or ovaries) lo- 
cated on both sidesof abdominal cavity, and no ducts exits out of the gonads, 
so the gametes exit at the sexual maturity into Atrium and then the body thro- 
ugh Alrivpare into the water media, so the eggs get fertilized by the sperms 
at the outside. 


Notocord 
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Figure 4.3 Morphological 
structure of amphioxus 


Anus 
Post anal tail 


I- Gametes 


Male gametes sperms consist of three main parts; ead which is a 
sphere shape, then the middle piece which is short and the tai! which is long. 
The egg of Amphioxus is small in size and its diameter is 0.1mm and its (MI 
erolecithal) granules of yolk spreads not quite identically in the cytoplasm, the 
yolks granules is less concentrated at the Animal Pole, They are more concentrated 
at the Vegetal Pole which is at the opposite of it, and also the area of animal 
pole has got a nucleus and the egg gets covered by Vitelline Membrane. 


2- Fertilization 


Fertilization in Amphioxus takes place externally, the sperm penetrates 
the egg and the fertilization takes place by uniting the male nucleus with the 
female nucleus to form the zygote and an adaptation happens on zygote surface 
which prevents entering other sperms inside the egg. 


3- Cleavage 


About one hour after fertilization, the first cleavage starts by appear- 
ance the furrow of cleavage from the animal pole gradually descends towards 
the vegetal pole, and its level is longitudinal, at the same time the nucleus of 
the zygote divides into two nuclei, each one of them heads towards one of the 
sides. 

Then the zygote divides into two blastomeres (two cells) then the sec- 
ond cleavage follows it. Which its level is longitudinal too, but it is vertical on 
the level of the first cleavage and its products are four equal sized blastomeres 
this is followed by the third cleavage which is latitudinal just above the equator of the 
cleavages towards animal pole, this is because the yolk is available in vegetal 
pole with higher concentration. The product of this cleavage is eight blasto- 
meres the four upper blastomeres are called mileromeres which are smaller in 
size than the four lower blastomeres which are called macromeres, 


This is followed by the fourth cleavage which divides the eight blastomeres by 
two longitudinal levels to form sixteen blastomeres and then the fifth cleavage 
takes place by two latitudinal levels and the products are thirty two blastomeres 


This is followed by independent cleavages of each blastomere with keeping the 
size of blastomeres in the animal pole smaller than blastomeres in the vegetal 
pole, and the product of this is a mass of blastomeres which is similar to the 
berry fruit called the morulo 


E 


4-Blastalatiive 


The division continues after the formation of morula to 
form spherical shaped structure called blastula which has one layer of cells 
surrounds a big coelom called blastocoe! which starts appearing from eight cell 
stage as a very small coelom expands gradually by the progress of division, the 
blastula is recognized by the size of the cells in animal pole still smaller than 
the cells in the vegetal pole. 


Figure 4.4 Cleavage stages in 
amphioxus(for study) 


A) Zygote of amphioxus 

B) First cleavage 

C) End of first cleavage and two 
blastomere formation 

D)second cleavage result in 4 blasts 
E) third cleavage result in 8 blasts 
F) fourth cleavage result in 16 blasts 
G) fifth clevage result in 32 blasts 


Co Chapter-4 


Sirasira lution 


Animal pole 


Gastrulation is another stage ofembryonic development stages in Amphi- 
oxus and through this procedure a cellular movement takes place called Mor- 
phogenetic Movements, So the blastulation changes from mono-layer embryo 
to double- layer embryo in Amphioxus (Triple-layer embryo in the other ver- 
tebrates) called (sastrula which is regarded as First Differentiation Phase in 
which three kinds of different cells are determined: 


Blastocoel 


1. Cells form Hetoderm which is externally located. 

2. Cells form Endoderm which is internally located. 

Macromere 3. Cells form Mesederm which is intermediate located (between the two lay- 
ers). 


Vegetal pole 


Figure 4.5 Blastulation stage in 


R These three layers called Germ Layers and these are the origin of all 
amphioxus embryo , 


the organs which formed in the embryo of vertebrate. The formation technique 
of the Gastrulation depends on the type of the animal; it is less complexity in 
Amphioxus than the other vertebrates. 
Formation of gastrulation in amphioxus starts when the cells of vegetal 
pole of blastula begin flattening and then invaginating. The invagination 
continues progressing to the inside toward to the non-invaginated part. So the 
size of Blastocoe! decreases gradually and disappears when it touches the cells 
of vegetal pole with the cells of animal pole, and then it gets replaced with a 
new coelom called Gastrocoel or Arechenteron which opens outside by a hole 
called Blastopore. 
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Figure 4-6 Gastrulation in 
amphioxus (for study) 


vertebral part of 
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Then the embryo is in a cup shape which consists of two layers, the ex- 
ternal one called Ectoderm and the internal one called Mesentoderm, and the 
Hlastepore will be surrounded by these layers. They are the back layer (upper) 
which its cells called Netoehordal Cells which forms the notochord later and 
the lower layer which forms mesoderm and endoderm. 


The Blastopore is wide in the beginning of gastrulation and then gets 
smaller gradually, and in the end of gastrulation changes into a small hole, 
that’s because of embryonic movement in its surrounded layers. 


As a result of pushing the cells of this layers inside, gastrulation which 
supports to form the internal layer of the gastrulation which includes the cells 
of endoderm, the cells of mesoderm and the cells of notochord, the remain cells 
in the surface of embryo represents the cells of ectoderm layer, then the germ 
layers forms and the gastrulation expands in amphioxus. 


The gastrulation in amphioxus rotates around its axis, so the Anteri- 
or-posterior axis of embryo forms, so the side of blastopore represents the 
back end for the embryo, and the opposite side represents the front end for the 
embryo. 


5-Greaes Develepanendt in Annpplitaccns 


The main organs in the Amphioxus initiate from the germ layers after formation 
are completed, and at the beginning of formation they are in a shape of pre-or- 
gans. Before considering the details of organs formation,we should know the de- 
rivatives of the germ layers in the embryo of amphioxus which is explained in 
the following diagram: 


ovum Sperm 
Zygote 
Cleavage 
SE e 
Gastrulation 
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A Ezi 
Mesentoderm layer forms Ectoderm layer forms 
from it: -nervous tube 
-Mesoderm (Somites and lateral mesoderm) - epidermis 
-Endoderm (digestive tube and its derivatives) 


-Notochord 


There are four main components in the body of Ampliioxus: 


1- Nervous System 
2- Notochord 

3- Mesoderm 

4- digestive tract 


A-Developmeanrt of Nervous System 


After the elongation of the gastrula , the cells at the dorsal regionof the 
Ectoderm layer near the Blastopore migrate out, and this migration out extends 
on the entire posterior area and it becomes aband shape called Neural Plate 
this depress a little bit of the level of ectoderm. As a result of that the 
two edges of ectoderm rises, on the sides of neural plate and they join together 
above that, then the embryo becomes surrounded by ectoderm which forms the 
skin in the advanced stages of embryo formation in amphioxus. 


At the same time the middle part of the neural plate invaginate to form 
the Neural Groove and the edges on the side of the groove called Newral Fold 
each fold faces towards the other one until they meet and join together then the 
Neural Tube is formed, which surrounds the Neural Canal or Nesrocoehe 
The formation of neural tube is called Neurulution and the embryo during this 
called as Newrula. After the formation of neural tube, their front parts differen- 
tiate into Brain Vesicle and the Spinal Cord follows it, which they represent 
the Central Nervous System in Amphioxus. 


B-Development of Notochord 


Notochord represents the internal structure of Amphioxus, and extends 
from the beginning of the head into the back end of the body. Notochord formed 
from the middle part of mesentoderm (the internal layer of Gastrulation ) and 
these cells forms a groove called Nøtochordal Groove which closes up grad- 
ually when its sides gets near each other to form Netochordal Rod. This is 
a solid, non-coelom structure, separates from mesentoderm layer and changes 
into Notochord which is a cylinder shape, and supports in extending the em- 
bryo through the increase in the length. 


C-Development of Mesoderm 


During the formation of the neural tube, the mesoderm formed from the 
back side of the mesentoderm layer by a shape of two grooves which extend 
outside, and their coelom is connected with the coelom of the Archenteron, 
then on each groove horizontal partitions divide it into small parts. They are in 
shape of chain of Archemteric Pouches, and then these pouches separate from 
the coelom of archenteron and called as Mesodermic Sacs, These sacs grow 
on the side of notochord area, a coelom appears in it. 


1-The upper part (back) of the sac represents Somite and this differentiate into 
three pieces which forms connective tissue under the skin, and the muscular 
piece which body muscles formed from it, and the solid piece which forms the 
surrounded wall of the notochord. 

2- The lower part of mesodermic sac, and it called Lateral Mesederm which 
differentiate into two layers, a layer located under ectoderm called Parietal 
Mesoderm, and a layer which is near to endoderm layer and it called Splanel- 
nie Mesoderm, a coelom appears between the two layers. And then the lower 
part of right mesodermic sac meets with its left identical at the middle abdom- 
inal line for the embryo, by then their coeloms meet too, this will form one 
enelom for the body of the embryo. 


D- Enteron Development 


After Notochord and mesoderm get separated from mesentoderm lay- 
er, the remaining part of this layer represents Endoderm which its edges from 
the two sides grow towards the middle back line. Then they meet at the middle 
line, then Enteron, the intestine and its derivatives are formed in amphioxus 
and by the progress of the embryo development, the hole of the mouth and the 
anus forms. 
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Congenital Viniformation in a Haman 


The embryo of human may dispose to congenital malformation. It represents 
the structural faults as a result of abnormal formation of the embryo organs or 
the body system and (Teratulogs) takes care of that. 


There are many factors cousing the embryo malformation, this can be 
summarized in two main groups: 


l- Genetic factors, including the exceptional of body chromosomes, as in 
Down syndrome which show malformation in the feature of the face, mental 
disorder and malformation in the heart. 


2- Environmental factors, includes many factors, the most important one is 
the effect of radiation which causes many malformation such as malformation 
in the nervous system, direct exposure to radiation causes congenital malfor- 
mation. 


Figure 4.7 Cross sections from 
embryonic development in am- 
phioxus explains the formation of 
Neural tube, Notocord, Mesoderm 
and Gut(for study) 


It is passed on to future generation and also exposure to radiation ef- 
fects the fertility and causes partial or permanent sterility, this depends on the 
dose of radiation and exposal period of time and the age of the person. 

Drugs are one of the factors that cause many embryo malformations 
such as malformation in the nervous system and the skeletal system, split lips, 
cleft and others. For that reason pregnant women should not take drugs without 
doctor’s permission. 

The first weeks of pregnancy is regarded as a critical period of embryo 
development. 

The embryo is connected to the mother by Placenta inside the uter- 
us, which helps transferring the food, oxygen and the other material from the 
mother to the embryo, so whatever the mother eats or gets any infection or 
illnesses it goes to the embryo. So the mother harms the embryo if she doesn’t 
take care of her health, the mother should take care of some issues so the embryo 
does not get affected: 

1. To avoid smoking because it affects the child’s weight and causes a decrease 
in oxygen levels and raises the carbon monoxide level in both the mothers and 
the embryos blood and the placenta which causes an unhealthy environment 
for the embryo. Smoking also causes an increase in miscarriage and premature 
birth or embryo death, the effect of smoking continues beyond the birth of the 
baby causing infections in trachea, and asthma and others. 

2. Reduce taking caffeine in coffee because over taking it harms the embryo. 
3. Avoid taking the herbal medicine without doctor’s consultation. 

4. Alcohol affects the embryo; it causes nervous disorder and body malforma- 
tion especially in the face, also behaviour disorder, and alcohol cause Fetal 
Alcohol Syndrome which appears in European society. 

5. Mother should avoid been effected by Toxoplasmosis because this causes a 
dangerous malformation for the embryo, that’s by cooking the meat very well, 
and don’t expose to stool of cats. 

6. Pregnant woman should take Folie Acid during the pregnancy because it re- 
duces the malformation in the nervous tube, also she should treat all the disease 
such as diabetes, high blood pressure and epilepsy under medical consultation. 

It is possible diagnose the embryonic malformation for the embryo, 
before birth by using Ultra sound Scan and having blood test for the mother to 
research about the certain protein levels which have relationship with causing 
malformation, also test the embryonic cells to be certain about the chromo- 
somes by taking a sample of the liquid which is around the embryo or from the 


mn ee placenta. 
Figure 4.8 Split lips in human ried 

Diagnosing the cases of malformation is important, such as in a case of 
not completing maturing the Jungs and helps it to do the respiration function, 
by giving the mother a special drug before a certain time of birth. In some ad- 
vanced medical centres, they may do surgery for the embryo inside the uterus, 
to treat some embryonic malformation, this method need special study before 


the surgery because it can be dangerous for the embryo. 


Multiple Birth and Twin Formation 


Some Eutheria (Placenta) have structured adaptation to have 
pregnancy with more than one embryo in each pregnancy, this is called multi- 
ple embryos or multiple births, so many eggs release from the ovary and after 
its fertilization it implants to the lining of the uterus in certain destinies. In hu- 
man the female gets pregnant with one embryo usually in each pregnancy, and 
if the female gets pregnant with more than one embryo then this called Twins, 


lypes of Twins Figure 4.9 Twins (for study) 
/-Franternal Twins 


This type of twins are forms from two separate eggs which are released 
from the ovary at the same time, and each one fertilized by a sperm. Franternal 
Twins don’t show similarity, and the sex can be similar (all male or all female) 
or can be different. 
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Figure 4.10 Franternal twins 
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Identical twins are formed from one fertilized egg by one sperm, and this 
fertilized egg divides into two cells, each cell continues its growth to form 
a complete embryo. 


Identical twins are very similar in the shape and sex (either male or 
female). The separation of fertilized egg can be uncompleted, this result in 
attached twins in the head area or chest or the back, these twins are called Sia- 
mese twins. The attached twins can be unequal so one of the twins is smal] and 
depend on the other one; the twins in this case are called Parasitic Twins. 
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Figure 4.11 Identical twins 
(for study) 


2 Maitiple Tvins 


Multiple twins rarely happens in humans, some women give birth to 
three or four babies, each fertilized egg forms a complete embryo, this case 
usually happens in women who take treatment with hormones to activate the 
ovary or those who are subjected to the program of test tube babies. 


Extension of birth periods 


Mother needs at least two years between each two pregnancy and birth 
time that’s to give a chance for the body to recover from the pregnancy 
and birth difficulties. Periods extension gives the child a chance of a good body 
and mental care, also gives the mother a chance of keeping her health. It has 
been found that the children who were born by time period less than two years 
between one and the other mostly don’t achieve good body and mentally devel- 
opment. That can cause birth of incomplete babies, their weight is less than (2.5 
KG) at birth, and they can be miss carried. 


Stem Cells 


Since discovering the Stem Cells, the scientists are trying to use them in 
the treatment of many chronic and difficult diseases, the stem cells are unspe- 
cialised cells, have got the ability for division and regeneration and produce 
new specialized cells which can repair and replaces the ruined body cells. Stem 
cells can be obtained from many resources: such as the early stages of embry- 
onic development and the blood of Umbilical Cord, placenta and bone mar- 
row. 
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Types of Stem Cells: 
/-Embryonic Stem Cells 

This type of stem cells are basic, it has unlimited division ability and 
it has a high ability to specialize into diffrent types of cells, it can repair and exchange 
the damaged cells, when it is transplanted in the effected organs and can be ob- 
tained from an early embryonic stages after fertilization, because of that it is an 
important resource for many of medical achievements. 
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2- Adult stem cells 

These cells are found with the specialized cells in the body and its 
function includes exchanging and replacing the harmful or dead cells in the 
body, but it differs from embryonic stem cells as in the following: 


A. Their limited existence which makes it difficult to separate from each other. 
B. Their number decreases as the age passes. 

C. They can be abnormal. 

D. They don’t have the same ability for specializing and division as the embry- 
onic stem cells. 


3-Umbilical Cord Stem Cells 

These cells can be taken from the blood of Umbilical cord, it classifies 
as another type of an adult stem cells because they are similar in the structure 
and the function, also their ability to resist freezing condition (-196C) in liquid 
nitrogen for many years. 


The applicationsof stem cells 


The important uses of stem cells are the following: 


l- Determination the causes of untreatable diseases and congenital disorders 
which caused by disorder in division and specialization of the cells. 

2- Used in overcome the immunity rejection in organ transplant. 

3- Used in genetic engineering to understand and treat many diseases in- 
cluding genetic diseases. 

4- Used in experiments on drugs to know their consequences. 

5- Used in Cell Therapy for many diseases such as Alzheimer, Parkinson, 
joint infection and burns. 


Nanotechnology is full and accurate control in molecule size (Nano- 
meter=10° meter) to produce certain materials through control in molecule re- 
action. This technique has been joined with research of the Stem cells, for the 
purpose of understanding how to direct those cells, and controlling its purpose, 
and getting advantage of using that in cell therapy. 


Cloning in Animals 


Cloning is one of the asexual reproduction methods in animals. Clon- 
ing is economically important, because through it animals can be produce from 
body cells. 


In 1997 Scientist lan Wilmot announced that he was able to clone a 

sheep called Dolly from body cells which are taken from an adult sheep, this 
was the first time they can clone vertebrate animal. 

To achieve this work Ian Wilmot and his studemts followed the following steps: 


l- Cells were taken from mammary glands of an adult sheep at the age of (6) 
the cells were put in transplant media, the transplant media is adapted to be able 
to keep the nuclei of cells settle. 

2- The egg was taken from another sheep, they removed the nuclei from these 
cells. 


Embryonic development 


3- Process of joining between the donor cell (the cell of mammary gland) 
and the cell which the nucleus has been removed from by putting these two 
cells together and exposing them to an electric shock which lead to merge them 
and another electric shock lead to the activation of the egg to start embryonic 
development. 

4- The product embryo was transferred to the uterus of another sheep. 


5. After the pregnancy period (five months) was over the sheep Dolly gave birth to 


exactly similar sheep to the sheep which the body cell was taken from. 

6- The DNA test showed that the nuclei of sheep’s dolly cells where the prod- 
uct of the same donor cell’s nuclei. 

After that they have acheived the same results by using cows and rats. 
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Figure 4.13 Cloning dolly sheep 
{for study) 


Fechniques to treat the Infertility 


The science could solve many cases of infertility by medical treatment, most 
of them needs treatment by hormones or by surgery, that’s by using many tech- 
niques, they are: 


f-Arifictal Fertilization 


Artificial Fertilization represents the process of transferring the sperms 
after cleaning and concentrating them in the laboratory into the eggs, this ferti- 
lization is used in many cases, they are: 


l- Reasons considering the ovulation or the Fallopian tubes or the lining of the 
uterus in female. 

2- Reasons considering the male reproduction system that cause reduction in 
the sperms numbers, failure in fertilizing the egg. The studies show that drinking 
alcohol and smoking reduces the production and the activity of the sperms. 

3- Hormone failure which effects producing the eggs and the sperms. 

4- Exposing to the accidents or having some medicines or exposing to radiation. 


Types of Artificial Fertilization 
l-in vivo Fertilization 


This type of fertilization takes place by injecting the semen (sperms) of 
the husband inside the uterus of the wife, by special tube (Catheter) and to get a 
good result. This operation should be done at the ovulation time for the woman, 
with giving her the medicine which activates the ovary. 


2 Jn Mire Pertilization 


This kind of fertilization is regarded as the most common in the world 
for the cases of infertility, it means fertilizing the egg by the sperm in a test tube 
with injecting the hormones which activates the ovary the fertilization takes 
place after taking the eggs from the ovary by an ultrasound machine. 

Then these eggs replaced in the special transplant media and then the active 
sperms added so fertilization can take place. This process takes place in a 
temperature which is similar to the mother’s body, usually three embryos 
transferred (to guarantee the fertilization) they are in the first stages of cleavage 
to the uterus of the mother by a special tube to implant them into the lining of 
the uterus with giving the mother some medicines which helps to fix the embryo 
in the uterus. 
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The results of this fertilization are the most successful; because the 
best embryo can be chosen to be transferred to the mother also it gives ahigh 
possibility of pregnancy in one time that’s through transferring more than one 
embryo inside the uterus. 


Before starting this process there are some tests that should be done 
for the couple which includes blood test, the uterus test, Fallopian tubes test and 
sperm test. Also there are many factors which lead to failure of the fertilization 
by In vitro fertilization the most important one is the type of sperms and the egg 
and their safety. The older mother, because the older eggs have less ability to 
fertilize, this technique spreads in many special centres in the world including 
the centres in Iraq. 


2-Embryo Freezing 


This technique is used in In Vitro Fertilization (test tube babies) that 
through freezing the extra embryo after choosing the suitable embryo and 
transfer it to the mothers uterus. So it can be used later in the future if the cou- 
ple would like to have another pregnancy, that’s because the program of fertili- 
zation by test tube is economically costly, also needs health and psychological 
preparation. The embryo can be frozen by a liquid nitrogen (-170C) in a special 
scientific centres. 


J-Qecple Freezing 


This techniques includes freezing the parts of the ovary which contains 
the immature eggs in the liquid nitrogen (-170C) the rate of success is less 
than in freezing the embryo, because freezing can affect the chromosomes of 
the egg. This technique helps the woman to keep her fertility, especially those 
whohad been exposed to radiation or chemical treatment or some diseases. 


4-Sperm Freezing 


This technique includes freezing the sperms in the liquid nitrogen 
(-170C) the sperms (semen bank) can be kept in a small plastic tubes or a 
special discs to be used when needed. So gradually get it warm in room 
temperature, it has been found that this operation wouldn’t affect sperms fertility. 


This technique is used in many cases, like in some men who suffer 
from cancer and they need chemotherapy treatment or the disease of the testicle 
and they are exposed to remove it, also the men who are exposed to continouse 
sperms number decrease. 


Chapter - 4 
Review 


O.L Write the surtubléesclentific term in the following: 


| ees ability of embryonic cells in the early stages of embryonic development to get the functional ability. 

Danita ability of a certain tissue for differentiation after receiving Induction signals enables it for differentiation. 
Jeers is the science which explains the phenomenon of embryonic development according to the role of bio-chem- 
istry by using special machine. 

e E are non-equal connected twins, one of them is small and depend on the other one. 

S eon ana are the full controlling techniques in the molecules by the size of nanometer to produce a certain material 


through controlling reactions of molecules. 
2 Define the followings: 


Growth, Embryonic development, Morphogenesis, Gastrula, Morula, Multiple Twins, 
Embryonic Stem Cells, Artificial Fertilization. 


(9.3 Complete these statements with suituble answers. 


1. The process of growth takes place by : 


2. The two scientist who discovered the phenomenon of Embryonic Induction are............e cece cence ANG cvdseesenezesens 
3. The gastrula in the embryo of invertebrate is consist of two layers are ............. and... 

4. Granular of yolk in the egg of Amphioxus distributes unequally in the cytoplasm, so it is less concentration in the side 
Ol E and more concentration in the side of ........sserccsereeeee 

5. The body of amphioxus has four main contents: 

Geto T Divide abieosiades 
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6. Neural Tube formation in Amphioxus is called... the embryo through that called................088 

7. There are three types of Stem Cells are: 

Aicia dasgsaatiwee deter deca tangs Dissssgessesdtecsusauen a’ Ciictsvnnssuns EERE niit 

8. In the year ............. the scientist ............... announced that he could clone a sheep called................ 


(4 Ex pimin amd jetit ihe flbi fects, 


1. At the current time the theory of Pre-formation and Epigenesis Theory can be accepted. 
2. An adoption happens on the surface of zygote in Amphioxus. 

3. At the end of Gastrulation in Amphioxus, the Blastopore changes into small hole. 

4, The pregnant mother is advised not to take medicines without doctor’s consultation. 

5. Mother needs at least two years between each pregnancy and birth. 

6. The success rate of freezing the egg is less than the success rate of freezing the embryo. 


5 Surround the letter which indicates the correct answer 


1.Who established the descriptive embryology? 
a- Bonnet b-Aristotle c-Hippocrates d-De Graaf 


2.The scientist Leewenhock described the sperm in the year 
a- 1677 b-1678 c-1766 d-1687 


3.The scientist who showed that formation of new individual requests male and female gametes is: 
a- Leeuwenhoek b- Wolff c-Spallanzani d-Von Baer 


4.The first scientist who conducted an experiment on the egg of frog in first cleavage stage was: 
a- Spemann b-Roux c- Wolff d-Spallanzani 


5.One of the embryonic development stages which differentiation of tissue takes place: 
a- Cleavage b-Gastrulation c-Differentiation d-Organogenesis 


0.6 Compare between: 


1. Differentiation stage and Organogenesis in the embryonic development 
2. Franternal twins and identical twins. 

3. Embryonic stem cells and Adult stem cells. 

4. In vivo fertilization and in vitro fertilization. 


Q.7 Explain the followings: 


1. Von Baer law. 

2. Cleavage stage of the embryonic development in Amphioxus. 
3 The applications of stem cells. 

4 The steps that the scientist lan Wilmot followed in cloning. 


5 The cases which the artificial fertilization is used for. 
6. The changes and transforms that take place in the stage of Metamorphosis in frog’s tadpole. 
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Objectives 
1- Know some geneticconcepts in ancient civilizations. 
2- Draw the pedigree of a family with genetic disease. 
3- Define Mendel's first and second lawsin genetic. 
4- Compare between the first and second laws of 
Mendel's in genetic. 
5- Identify the seven characters studied by Mendel. 
6- Know that dominant and recessive traits either be 
pure or hybrid. 
7- Explain the concept of Punnet square. 
8- Compare between genotype and phenotype. 
9- Explain the reasonof many phenotypic traits existence. 


Introduction and Histor 


Genetics is known as branch of Biology that deals with inherited var- 
iations of an organism or a group of organisms, as well as how the expression 
of genes responsible for those variations. 


Cenetics is concerned in the followings: 


1.Transmission of genetic traits from one generation to another. 


2.Explain the molecular structure of the genetic material and know the changes 
happen in their structure and their various applications. 
3.How the genetic expression occurs at the phenotypic and molecular level. 


The first person who named this branch of science as Genetics was an 
Emelish researcher called Bateson in 14M. There is a brief historical over- 
view of the most important genetic studies that helped in the progress of this 
science. 


|. Firstly the genetic variations for the useful types were selected. The recog- 
nized characteristics were chosen which serve generations, considering every- 
day life requirements, especially in the agricultural field. 


2. Mendel produced a system to control heredity qualities which was not as- 
sociated with sex. He published an article in 1866 entitled Experiments in plant 
hybridization. Unfortunately none of the scholars of his time paid attention 
until after 34 years. 


3. The discovery of Mendel’s experiments (1900) has gone beyond and that 


time was called “golden age” for cell biology. It is assumed that chromo- 
somes are carrier of genetic traits which not realized before. 


4 The third quarter of the 20th century was a period to find solutions for many 
questions. DNA which described by the two scientists James Dewey Watson 
and Francis Crick in 1953 and molecular structure of DNA understood. 
This scientific researches showed the way to solve the genetic code. 


5. Geneticists began to study about the field of bio-technology in the seven- 
ties. They were able to hybrid the DNA of different types in order to find very 
effective drugs. At the same time, they succeed in discovering the genes that 
cause most rare genetical diseases caused by a single gene. Therefore diagno- 
sis method has been developed and they developed tests before appearance 
of symptoms. In addition new types of treatments were invented through the 
genetic engineering. 


6. In 1986 the idea of using DNA in applied fields has started due to the DNA 
have a number of characteristics, including: 


Genetics 


- DNA has ability to be transported from one organism to another by some 
transporters such as viruses and plasmids. 

- It has ability to modulate the recipient cell functions. 

- It has ability to replicate inside a cell naturally and also outside, through the 

use of Polymerase Chain Reaction (PCR). 


7. At the beginning of the twenty-first century, especially in year of 2003 the 
sequence of nitrogenous bases has been fully unveiled and it found that 
there were more than 3.3 billion genes of human chromosomes, called the 
genome. 


B. Genetic research currently focuses on Genomics, about how gene expression takes 
place in different organisms, whether in patients or in healthy. As well as reserc- 
es done for detection of differences that has the priority in character building 
and their differentiation. 


Pre Meendel"s cenetics 
Role af Mesapatamnia civilization 


Ancient civilization in Iraq made studies on varieties of wheat, rice, 
cotton and beans, as well as cattle and horses, during the period between the 
year $00 — 4000BC. 


These documented through the seals that were found there. For exam- 
ple, it was found among those documents a unique message written in cunei- 
form script about 1360 HC. This has given an accurate description on how to 
train horses and select the best ones for the race. 


Role of Nile Valley Civilization 


Some applications of genetics have started with the Nile Valley Civi- 
lization in years of 5000 B.C. It was found with the Pharaohs of ancient Egypt 
on the types of wheat with selected quality and abundance of production. 


The rme of ie Greek civilization 


The Greek philosophers were interested in clarifying the similarity be- 
tween relatives. Hippocrates (460 - 370 BC) referred the repetition of certain 
human qualities such as © reseed eye and baldness in a certain group of fami- 
lies. 


He also noted the spread of certain diseases such as epilepsy and cer- 
tain types of blindness in certain families. Greeks discovered the symptoms 
of some human syndromes such as (Down's syndrome). They were also con- 
cerned with the structures which provides the natural body immunity. 


A plasmid is a small 
DNA molecule that is physically 
separate from, and can replicate 
independently of, chromosomal 
DNA within a cell. 


Figure 5.1 Albino human (for 
study) 


Figure 5.2 Example for pè- 
digree. lt shows how albinism 
passes through generations, 


Germplasm is the genetic 
material transmitted from one gene- 
ration to another. 


The role af the Europeans before Mendel 


The biologist scientist aupertuls was one of the scientists who high- 
lighted the importance of human genetics. He collected records of Pedigrers 
of the families that have albinism and analysed and predicted probability of 
occurrence in the future generations through the application of the theory of 
probability. 

In the mid-nineteenth century the scientists applied cases of transmis- 
sion of certain genetic traits in human, such as the eye color (Brown x Blue) 
and body hair color ({Hluck {x White). incats This was applied to cattle for 
abundance of hair and flesh. 


Generation 


propositus Identical twins 


After mid-nineteenth century, August Weismann put forward a the- 
ory that germplnsm is the genetic material transmitted from one generation 
to another. Based on the above facts the genetic facts are regarded as one of 
the familiar since ancient times to the extent that it was taken at face value for 
granted. The difference between individuals was complicated and no analysis 
or explanation applied to it at that time. Inspite of that some biologists tried 
to develop certain insights to explain the phenomena of the similarities and 
differences, but they unfortunately have been unable to devise experimental 
method based on a scientific basis until the coming of the Austrian researcher 
Mendel. Mendel made major assumptions about the transmission of genetic 
traits through results of experiments on plant Pisum sativum (Pea Plant). 


Vendelian genetics 


Gregor Johan Mendel was the first one who succeeded in the Dis- 
covery of the basic principles of genetics. Mendel was born in Austria (1822). 
Mendel began to hold experiments on Pisum sativum in 1856 and has multi- 
ple experiments lasted approximately eight years. Later Mendel presented his 
research findings to journal of Natural History im 1865, His research 
were published after one year from the date above, but unfortunately 
the results of his research remained under wraps for a period of 34 years from 
the date of publishing as the scholars were preoccupied with the theory of Dar- 
win (180% ~ 1882) in organic evolution. 


———(__ Genetics _________) 


In the early twentieth century Mendel hypotheses in genetics were represented 
as a result of research done by three different research scientists who agreed 
with Mendel’s principles in genetics. These three scientists, Dutchman ‘De 
Varies’, the German ‘Correns’ and the Austrian ‘ tsehermak’, who were in- 
terested in studying function and behaviour of chromosomes. 


Some properties of living organina ased in peneticn experintents 


It is well known that studies in genetics depend on the design 
of experiments and analysis of results. This was for the purpose of extracting 
certain hypothesis about how to move different qualities. Here are some con- 
siderations that need to be taken into account when using a particular object for 
the purpose of conducting genetic studies: 


1. Short life cycle. 

2. High number of offspring 

3. Having the possibility to get variations and genetic mutations when organ- 
isms are exposed to unsuitable environmental conditions such as radiation and 
chemicals. 

4. Ability to control fertilization or mating of the organism. 

5. Easy to breed and maintenance. 

6. Ability to produce new structures as a result of sexual reproduction or deliv- 
ery (Transduction) by viruses. 


Figure 5.3 Gregor Johan Men- 
del 


Many research conducted on bacteria, fungi and some plants like garden 
pea, yellow corn, barley, wheat, squash, tomato and snapdragon. 
Many traits in animals as drosophila, mice, chicken, guinea pig and cattle, 
as well as in humans. 


Table 5-1 shows the number of ch- 
romosomes in the somatic cells for dif- 
ferent kind of living things. 


* Male bee (drone) has half number 
of chromosomes. 


Application of genetical Models in Mendel Experiments 


The success of Mendel in his experiments despite of failure of other scientists 
may be caused by; 


1. Chosen best model in design and analysis of genetic experiments. It is Pisum 
sativum which has genetic variation, ability to grow easily and susceptibility 
to hybridization artificially. 
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2. Mendel limited his research on one pair of traits or less in each experiment. 
3. Keeping accurate records and relied upon in the statistical analysis of his 
experiences. 
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Stigma Pollen grain 


Figure 5.4 Mendel used art- 
ficial cross pollination in pea 


lants for his iments (f 
oon aaa aa ar Dominant Recessive F, Generation 


d 5 
pey} Character Trait x Trait Dominant:Recessive Ratio 
Flower color Purple « White 705224 3.15: 
Hower poston Axial x Terminal 651-207 314:1 
, . 
Seedcolor Yellow x Green 6,022:2.001 3014 
Seed shape Round xo Wrinkled 5,474:1,850 2961 
Figure 5.5 Seven pairs of cont- ' 
siat traits whtals Neewdel weed Pod shape Inflated = Comstricted 882.299 2951 
in his experiments (for study) —S. arse 
Pod color Green x Yellow 478:152 2821 
Stem length Tall ~ Dwarf 787277 224) 
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For the purpose of understanding mono-hybrid cross and the theories 
that have been derived from it we have to know number of new terms used in 
this field, namely: 


1, Allele 
Different form of mutation of a gene. One of the different forms of a gene 
that can exist at a single locus. 


2.G nes 

Is a sequence of DNA that has a specific function, for example, turning the ge- 
netic code to a protein or controlling the expression of character and can prove 
itself through contrast alleles. 


3. Gene Expression 
It is the process of using DNA information by cells in the manufacturing of a 
particular protein. 


4. Genotype (C 
It reflects the composition or structure of the genetic of individual. It expresses 
the genetic codes together in a particular individual. 


5. Phenotype or phenotypic category (P); 


It refers to the properties or observed signs of the organism which is 
genetically controlled. For example, stem length and stem shortness in Pisum 
sativum plant referred to as expressions of natural information. These are 
available in the genetic factors. By following the principles of dominant and 
recessive traits we can tell about phenotype for the individual from the geno- 
type. For example TT and Tt refer to the long stem and tt refers to the short 
leg. When the individual carries genetic factors such as symmetric TI or ff it 
is said that the individuals are homogeneous or pure (Homozygous). When the 
individual carries a genetic model which are not symmetric factors such as Tt, 
it is said that the individual is heterogeneous or hybrid (Heterozygous) (figure 
5.6). 

The diagram gives an example of crossing between a homozygous, dominant 
trait and a recessive trait as well as modern terminology used. 


In connection with the genetic factor codes, usually different ways are 
used. We now mention the symbol for one of Mendelian traits, say the stem 
length in Pisum sativum. This is given the symbol capital letter (T) in order 
to refer to the tall stem. The small letter t refers to the short stem trait, which 
recessive trait. In this case special symbol is derived from the dominant trait. 


To point out a short stem trait, the code is derived from the dominant trait. 
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by an example 


Table 3-2 Some genetic codes used in crossing and also in solving the genetic issues: 


Genetics 


Monotyphrid Cross 


Thisa genetic hybridization between two individuals and includes a pair of oppos- 
ing traits, such as aa X AA. Thus it reveals how transmission versions of these 
qualities through the generations take place. 


Example: 
For Manolyhrid Cross Mendel 


The trait for stem length in Pisum sativum plant is an example of mo- 
no-hybrid cross. When hybridization between Pisum sativum long stem pure 
with similar but short stem happens, all members of the first generation (F1) 
were long stemmed. When conducting self fertilization among the members 
of the first generation, Mendel noted that 787 of 1O64 of second-generation 
plants (F+) were long, while 277 of 1064 were short. These figures represent 
the approximate ratio 2. 84: 1. This is about 4:1. So the recessive trait that did 
not appear in generation (F1) but appear in the second generation (Fz) by25%. 


Evidenced by the results of Mendel show that the results do not depend on the 
sex. This means that the traits are located on the somatic and not sexual chro- 
mosomes. 


Usually reciprocal cress is used for the purpose of making sure that 
certain trait has the gene located on either the somatic chromosome or sexual 
chromosomes, or located in cytoplasmic organelles such as mitochondria. 


Definition of Reciprocal cress: 


Crossing gets between two individuals, one carrying a dominant pure 
trait and the other carries the recessive pure trait or vice versa. 
If the results in both cases are similar then the gene for that falls on the somatic 
chromosome. If the results were different at the opposite type, it means that the 
trait gene located on sex chromosome or in the cytoplasm of organelles. This is 
shown in the following example on Pisum Sativum. 


Example af reciprocal cross in Pisum Sativum: 


Al 


. 


Figure 5.7 Law of segragation 
(first law of mendet) 


Mendel concluded that traits is located on the somatic chromosomes. 
In order to clarify these results Mendel assumed the existence of a pair of genetic 
factors for each trait. These are the factors that control transmission capacity 
from one generation to another. This confirms the success of Mendel in his 
experiments. 


Mendel's Postulates 


Mendel agreed with results, which he obtained in mono hybridization in order 
to derive three hypotheses or principles in genetics, as follows: 


Í. Unit Pectors in Pairs; This means that every trait is carried by an individual 
is controlled by a pair of factors. Usually the diploid organism contains one 
of three genotypes which determine the trait and they are ( AA or An or an). 


2 The dominant and recessive traits: The dominant and recessive are; when 
there are two factors which are not similar (Tt) which are in charge of one trait 
in any individual, one of these factors (T) is dominant over the recessive trait 
(t). However the recessive factor is responsible of showing the recessive trait 
when it comes as a pair (tf). 


3. Segregation during the formation of Gametes formation 
The two factors which are not similar (Tt) split randomly. So each gamete will 


receive one of these factors in equal propability 


P1 ® 
Duplication in ® 
interphse 


Gametes 


P2 Duplication in 
interphse 


ae 


F1 Generation 


Fertilization 


——(_ Genetics __________) 


If the individual has a pair of similar factors (tt) or (TT) this lead to 
the fact that all the gametes will receive one factor. After fertilization, the 
first generation individuals (Fi) receive one factor from each, so the resulting 
individuals have a pair of factors. During the self fertilization in the first gen- 
eration (Fi), each gamete randomly receives either the dominant factor or the 
recessive factor. After fertilization there will be four units for the formation of 
the second generation F: at the ratio: Dominant 3: Recessive 1. According to 
this hypothesis Mendel set his first law, which is called “Law of Segregation”, 
which states that: 


“The paired genetic factors in an individual split from each other 
when the gametes are formed. After it formed in pairs again during fertiliza- 


tion when the genetic individuals ure created", 


The Mendel’s fourth postulate, which is called free distribution, con- 
siders that later as part of Mendel’s second Law. 


- Punnet Square 


The genotypes and phenotypes produced by recombined gametes dur- 
ing fertilization could be demonstrated visible and easily through the punnet 
square. 


Punnet square: 


Geometrical shape like chessboard which the male gametes are 
placed in its left and vertically above the gametes. The female gametes are 
placed above and horizontally towards the male gametes. In this case you can 
see all possibilities of the units male and female as well as knowledge Pheno- 
typic and genotypic models and their respective ratios. 


Note each of genotypic ratio (1:2:!) and phenotypic ratio 1:3 for the second 
members of second hybridization generation.(Figure 5.8) 


Test Crass 


The aim of this crossing is to identify the genotype of the individual 
which holds dominant unknown purity. It crossed with another recessive indi- 
vidual for that trait. If all the members were carrying the dominant trait, then 
this member must be pure in that trait. If either 50% of the members were 
dominant and 50% recessive, that means that the individual hybrid in trait. 


This can be illustrated as follows: 
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Punnet Square 
Figure 5.8 Pannet square is 
used to identify second filial 
generation(F2). FI generation 
used in self pollination 


Fertilization 


The first Porwit 


— Genetics 


The Second Possibility: 


Then the individual i a hybrid in the dominant trait, 


PL @plantlongstembybrid X © plunt short stem 
Tt Mejosis n 


y 


ti + Ti 
50% short-stem pure 50% long-stem hybrid 


Optional crossing is regarded as part of reciprocal cross. 


Back Cross 


It is a cross between hybrid members of the first generation with a par- 
ent or with an individual similar to one of them. 


The output crossing with pure male dominant trait can be seen in this 
example; 


T A piani long stem hybrid X 9 A Jong stem pure plant 
Meinsi The Law of independent as- 
Meiosis 


rt tT sortmment states that: 


“The isolated pairs af gene- 
tic factors are distributed indepen- 
dently from each other during ga- 
nictogenesisx”. 


Diy bend Cros and Pree Distribution Mendels Law 


Dihybrid cross is a hybridization which includes a couple of contrast 

traits paw» © GGWW. For example, if the Pisum sativum of pure round yel- 
low seeds conjugated with green wrinkled seeds, then all members F1 will be 
round and yellow. This is because the yellow colour is dominant over the green 
and round seed ts also dominant over the wrinkled seeds. 
When allowing members of ft (hybrid traits) (sg w, for self-fertilization we 
find that the seeds of self-members F2 appear in accordance with the approxi- 
mate ratio 9/16 round yellow and 3/16 wrinkled yellow and 3/16 green round 
and 1/1 green wrinkled. 


The Law af independent assortment and also known as Mendel 
second law has been developed by Mendel and enhance the fourth hypothesis 
which is also called as Iree dist sation 


This law requires that any pair of isolated genetic factors is independ- 
ent from all other pairs of genetic factors. As we know each gamete receives 
one allele from each pair of genetic factor. Any of the factors or the recipi- 
ent alleles, one pair does not affect any other pair. So they following this 
procedure. The possible gametes units are constructed made up of all by the 
equal repetition, the figure below clarifies the free distribution throughout 
the formation of the second generation members, the process of gametes by the 
second generation plants. 


In each case of fertilization between members of the first generation 
(Fl x F1), each egg will have the same probability to receive one of the four 
units from each parent. In the case of the production of a large number of 
members of the descendent, we will get the ratio 9/16 round yellow, V16 yel- 
low wrinkled and 3/16 green round and 1/16 green wrinkled seeds. This ratio 
is ideal because it is based on the events of probabilities of events including 
segregation, free distribution and random fertilization. 


Deviation from these ratios can take a place (which is subject of strictly coin- 


cidence) especially in the recessive small numbers of traits so the results are 
rarely identical with the ideal ratio. 
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Figure 5.9 Dihybrid cross in 
Pisum sativum (forstudy) 


Selective Crossing for tee mat: 


It is possible to apply optional crossing on individuals carrying a cou- 
ple of opposite dominant traits with unknown genetic type (unknownpurity).As 
example phenotype of a plant with yellow seeds rounded dominant can pro- 
duced by genotype (EW W, (at Ww, Cee WW or Cie Ww). 


Figure 5.10 Result of hybridization 
between three similar organisms 
in phenotype (for study) 


In the case hybridization of a plant withround seeds with a pure 
plant, green wrinkled seeds, ggww (recessive) the analysis of genetically phe- 
notype ratio is explained in figure below. 


Interpretation of the results of Mendel in the light of the knowl- 
edge of the functions of chromosomes and genes; 


Chromosome: This is the installation of composite linear shape of the DNA 
molecule, Rienuctele acid (RNA) and protein, which contains the coded ge- 
netic information sequence and can be viewed through the process of cell divi- 
sion. The gene is a part of DNA chromosome that controls at least in specific 
genetic trait. 


Since chromosomes present to be matched in pairs, it is also the genes 

found in the image of pairs, as An for a certain trait and Bly for anoth- 

er trait and whether the individual is a hybrid of these two traits. This, of course 
supports the first hypothesis of Mendel. 


The relationship between the behaviour of chromosomes and genes 
also through meiosis, each gamete receives one chromosome from and 
one of each pair of identical chromosomes. So when those gametes unite dur- 
ing the process of fertilization, the new generation receive one gene for 
a particular trait of the father and the other from the mother. 


Figure 5.11 Free distribution 


of alleles through gamete for- 


mation (for study) 


The free distribution of the chromosomes over the gametes during the 
meiosis supports the law of Free distribution of Mendel. This is because the 
genes being unattached. (Will not be on the same chromosome), will also be 
distributed independently. 
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Homologous chromosomes 
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Example 1 
loplication oe Meriel Y Second Law 


A Drosophila melanogaster of ebony colour with long wing crossed 
with a gray and vestigial winged The first generation {F+ ) were gray and long wing, 
knowing that genetic factors for these traits are located on two different chro- 
mosomes. 


a. What is the genetic type for the parents and the members of the first and 
second-generation? 

b. What is the phenotypic ratio for the F: members? 

c. What are the genetic ratios for F? ? 

d. Show the type and the number of units which is possible, between the gam- 
etes? Clarify that on the punnet square. 


Conclusion and solution: 


Since all members of the first generation were long wing and gray, then 

the long wing Lis dominant over the vestigial winged (1),and the gray colour 

IE is dominant over the ebony colour(e)as well as the fly with long wing and gray 

male must have each of these pure traits. Accordingly genotypes codes for the parents and 
members of the first-and second-generation will be as follows: 


Life 
100% gray and long wing (hybrid } 


After being pollinated for Ft the members will be as follows: 


F Leng and pray hybrid. X d Gray long wing hybrid 
Like LIfe 


genotypes are combined in the Punnet square and that share s certain 


we get the following ratios: 


dl) Genotype Ratio 1:2:1:2:1:4:2:2:1 
«) Number of possible associations (units) between gametes = 16. 


Possibilities in Mendel's genetic experiments 


Probability: is the likelihood of the occurrence of a specific event by an estima- 
tion or calculations. It can be expressed as the number of decimal, percentage 
or number of fractional and determined by the following equation: 


Number of repetitions for an event 


Probability = 
robability Number of events 


Co Chapter-S 


The rates of phenotypic models and genotypes in generation F2 representing 
potential or expected rates to those models. However, the proportion of those 
models that are actually obtained from mating may be different from the ideal 
ratios. This can be explained in Mendel’s experiments on seed colour trait, as 
in Figure 5.5. 


The number of the dominant yellow seeds was 22 seeds, while the number of 
green recessive seeds was 201 seeds. So the total number of seeds was 8023. 
Using probabilistic equation can determine the true proportion of the yel- 
low in this kind of hybridization as follows: 


6022 / 8023 = 0.7506 
But the real ratio for the green seeds bs: 
21 / 8023 = 0.2494 


To express this percentage ratio of the expected probability of the yel- 
low seeds is 75%. This can be expressed as a fractional of 3/4, While the ratio 
of the expected probability of green seeds is 25%. This can be expressed as a 
fraction 1/4. These numbers can be expressed as ratios |: J represent the same 
probability that number represents the fraction 1/4 and 3⁄4 respectively, i.e. there 
are three out of four opportunities. This means that every time two hybrid par- 
ents produce a new member the probability of carrying the dominant trait is 
3/4. So the probability of carrying recessive trait is 1/4. Referring to the actual 
ratios obtained in this example. 


Usually we find a difference between the actual ratios obtained in the 
field and the expected ratios. This is due to the experiment, such as its depend- 
ent on the lack of equal opportunities of gametes at the pollination process as 
well as the lack of equal opportunities for individual factor, hybrid (Gg) from 
segregation equality over the gametes. 


When we are dealing with two traits or more and which are inherited 
independently of each other, we can predict all potential duplicates of pheno- 
typic types in the second generation. This is done through the application of act 
of the product of probabilities. This indicates that when there are two separate 
events spontaneously, then the obtained probabilities of the occurrences of its 
members. 


Posat-Mendel genetica 


After the discovery of Mendel’s experiments in 1900, there was expan- 
sion in the study of many traits in different kinds of organisms for the purpose 
of applicability of Mendel’s laws on the genetics of those traits and whether 
there are new discoveries. 


It has actually found that the genetic information which has seen some 
traits do not actually agree with Mendel’s expected ratios. So some assump- 
tions were given in order to clarify these changes. 


Genetics 


Bearing in mind phenotype for some traits are changeable by different meth- 
ods, according to its genetic factors and the environments. Below are some 
examples for such kind of traits. They are called deviations in Mendelian rules 
in some references. 


Properties that Deviate Mendellan ratio 3:1 


a. fncomplete dominance 

Phenotype of the hybrid individual is different than the parents. This 
takes a compromise between the two types. This is the average between the 
two phenotypes for the two pure opposite traits as a result of mixed cross 
for these two traits. This situation is different from the case of full purity of the 
traits studied by Mendel. 


An example of what happens when the “Seapdragen” plant of red flowers 
R'R' is pollinated with a white flower WR’ plant, the first generation is pink 
flowers It’ §’, In a self-pollination a member of the first generation |. , the sec- 
ond generation plants would be in the ratio: Ħ'R' I: BR? 2: HER’ I, white, 
pink and red flowers respectively. This is similar to the proportion of genetic 
ratio as described below. 


Pı — Red? X White © 
Gi =» RR ij RK A7 
r. 
Meiosis 


Fı — 100% Pink 


RR 
P2 F X D 
o Po t $ 
: RR Meiosis RR 


Phenotype 
Genotype 


—> 1:Red 
— 1:RR 


2:Pink 
2:RR 


1: White 
LRK 


b. Codominance 

This is the case in which expression of two alleles seen together in the 
phenotype of the hybrid individual. Neither one of the traits is dominant or 
recessive, 


Example (1) Blood System AG, B, A 


All blood groups AB. B, A in humans are determined by two factors I^ and I” 
and these antigens which are available within membrane of the red blood cells. 
The genotype of an individual belongs to blood group AĦ is 1^ 1". So none of 
the alleles I^, I” would be dominant over the other. The blood cell AB carry A 
and B onits surface. When the parents carry both genetic types | ‘!" get married, 
it would be possible to get children with phenotype and genotype in the ratio: 


ms: S YP 32 Past 
B AB A 


Escape (2) Bipod Fysic MA drt Vereis 


An individual with a blood MM has antigen M. While another individual with 
group NN has antigen N. The individual with a blood MN possesses both the 
antigens M and N in the membrane of red blood cells. So at parents’ marriage 
with the installation of a genetic LYLY. It would be possible to get children 
with phenotype ratio as following: 


L*L":% L* LMY LVL": 


The sign L is used by the scientist “Landsteiner” who discovered the antigens 
for these groups. There are two kinds of molecules “Glyeopratein” 


Example (3) Noir cofour in some breeds of cattle with shori horns 


There are two alleles controlling the hair colour. One is responsible for 
the appearance of red colour ©“ and the other is responsible for the emergence 
of white ©, where C stands for any colour and R for Red colour and W 
for the white. When two members are crossed, one red and one white hair, all 
the members of the first generation will result in “dust” colour, i.e. whitish red. 
Careful examination found that this colour is a mixture of hair some red, others 
white. 

When a mating between members of the first generation takes place, the follow- 
ing phenotypic and genetic type ratios were obtained in the second generation: 


White CC; | Dust color C" C™: 2 Red CC" =} 


č. Lethal alleles 

These alleles will cause the affected member to suffer if the member 
carries it. This expression leads todeath of an individual which inherit a pure 
dominant in some cases or recessive in other cases. 


Example (4) Sickle - cell Annemia 


This genetic disease is caused by recessive mutant allele Hhs affects 
the quality of hemoglobin Hb. It becomes some kind of abnormal type (Heme- 
globin S). It also affects the shape of red blood cells they become scythe shape 
instead of the normal disc shape. 


It is clear that this deadly allele becomes a multi-effective (Mlelotropte). 
The table showing the genotype and phenotype of the offspring resulting from 
mating between parents both for scythe anaemia. 


Example (2) Dominant allele far creeper chicken: 


This type of chicken appears if they are having allele (C) together with 
normal allele (¢). The chicken cannot walk normally because of the short and 
twisting legs. Individuals pure in this gene (CC) usually die. Below is an ex- 
ample of mating parents of creeping chicken. 


2 Creepy chickens xX d Creepy Rooster 
“se Meiosis © 


Ce 


cc : 4 ec 
Dead ‘reeper Norma) (OK} 


Figure 5.12 

A) Red blood cells infected by 
sickle cell anemia 

B) Normal celis(not infected) 
(for study) 


Example (3) Dominant allele for pellow mros 


These are similar to the previous case. When yellow hybrid mice are 
mated with each other the result is, quarter of the yellow embryos will die. 
That is pure in the deadly allele YY which leads to phenotypic modulation 
ratio 3: 1 to 2/3 yellow hybrid: 1/3 gray. So the yellow mice are always hybrid 
and any carrier of the gene is not affected by it. The killing gene is important 
in designing some genetic tests. The following diagram shows mating of two 
hybrid members for this kind of killing allele. 


Penetrance and Expressivity 


Penetrance Gene: This is the probability of an individual inherits allele and 
Cystic fibrosis (CF), also known as posses phenotypic trait which is related to allele. For example recessive allele 
mucoviscidosis, is an autosomal re- that causes cystic fibrosis with complete penetrance of 100% of pure indi- 
cessive genetic disorder that affects viduals (ee) have the disease. As well as the dominant allele to acquire extra 
most critically the lungs, and also the fingers (Pulydwety!) in the hands or feet is incomplete penetrance. This is be- 
pancreas, liver, and intestine. cause some individuals which inherit this allele have ten normal fingers, while 
others have more than ten. 


The expressive: It means an allele could produce a heterogeneous range of 
phenotypic types. 

An example of this is pure insect for the recessive gene for the mutation of 
eyeless which gives phenotype with various ranges between the existences of 
normal eye to partial loss in the eye size in one or both eyes. 


Genetics and the environment 


Each living organsim has its own traits, which are inherited from the par- 
ents. It can be identify phenotypic traits through the study of the parents and 
analyse their genes. However, this determination cannot be accurate because 
the genes only determine what could be the trait and not really what will be, 
because some phenotypic traits depend on genetics and environmental! factors 
and overlap between them. There are number of cases show that the effect 
of genes determined by various environmental factors, whether these factors 
surrounding the mother organism and inside her, to clarify this we give the 
following examples: 


—__ ais ) 


Example (1) 
Genes responsible of the human body are affected by the quality of his food 


The fat and slim characters are depend on the genetic bases. Controlling the 
body weight greatly influenced by the amount of food and other factors. 


Example (2) 
The impact of the environmental quality of the food as the yene responsible 
for the calor of fat in Rabbits; 


Building yellow fat in rabbits depends on a recessive gene (yy). Note 
that rabbits carrying this gene suffer from a lack of enzymatic and thus become 
unable to demolish the yellow colour which can be found in the carrots and in 
other plants. So when those rabbits fed on plants containing the yellow colour, 
then this colour will appear in their fat. If these rabbits are fed with colourless 
plants, then their fat will of course be white although the gene (yy) has not 
changed-only the food has changed. 


The other rabbits that do not carry pure gene of yellow fat has the abil- 
ity to partition the yellow colour, thus they will have white fat even though it 
was fed on a diet rich in yellow colour. 


Gene Interaction 


This is producing new phenotype by interaction alleles peculiar to different 
genes. There are two types of interactions: 


1. Genetic interaction that leads to a change in the expected phenotypic ratio 
eg“E pistasis” which is the non-reverse interaction, such as the availability of 
gene interfering in or preventing another gene expression. The white colour W 
of the fruit in the pumpkins plant (Squash), superior to gene with yellow color 
of the fruit Y. 


When hybridising white W®WYY to another green fruit wwyy fruit, 
the first generation was white fruits. In the second generation the white color 
appeared in the ratio 12 white: 3 yellow: | green. This ratio shows that parents 
are different in two pairs of genes. The father white-fruit carries yellow gene 
that did not show its effect, because of the presence of white colour gene which 
is superior. It is possible to explain how to get the phenotype ratio and the ge- 
netic ratio by using punnett square as follows: 


If they leave for self cross; 


P2 Ww Fy X Ww Fp ®@ 


Figure 5.13 Different colored 
pumpkin fruits (for study) 
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2. This is the genetic interference which does not lead to any changes in the 
expected phenotypic ratios. However, the members of the first generation pos- 
ses new trait which is not available in the parents. With regard to the second 
generation, they will have two new traits not available in the grandparents. An 
example of this case is the shape of comb in the chicken. The rose shape for the 
comb is due to the gene IÈ which is dominant over r for a single comb. 


The pea shape of comb in the chicken is because of gene which is 
dominant P over allele p for a single comb too. When rose shaped parents are 
mated with a Pea shape, assuming both are pure, a new type appear in the first 
generation, known as walnut comb . When the members of I) are crossed be- 
tween each other, Fz shows the new type (Walnut and single) in addition to the 
grandparent’s type as below: 


Pea Shape x Rese shape 
rrPP i RRpp 


Meiosis 
rP Rp 


RrPp 
Walnut shape of comp 


RrPp x RrPp 


The phenotype ratio for the second generation will be: 
F2 orppl : rrPP 3 : pp 3: RAPES 


Single Pea Rose Walnut 


a | 
N 
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Multiple alleles 


This is the availability of alternatives or various alleles for the same 
gene, as a result of mutation happened the molecule of (DNA) genetic material. 
This cause variety in the phenotype, and they located the same genetical posi- 
tion on a certain chromosomes. We give some examples for multiple alleles: 


Example de ABO system in Humans 


There are three alleles controlled by the system, which are 1^, IP and 
I", As we are aware that | and |" are codominant but both of them is dom- 
inant over i . The two alleles 1* and 1" control forming two different type of 
enzyme which results in appearing two different molecules of antigens over 
the surface of the red blood cell. i allele does not cause activation any type of 
enzyme, so antigen will not produced as a result. The person which inherits two 
alleles of | , his blood group is O. 


Blood fransfusion 


The blood group ABO and RH factor must be known for both the do- Table 5.4 Shows how three alleles 
nor and the recipient. This is because the red blood cells of some people may SPUI meet in the form of pairs and 
clump clearly and when mixed with samples of other donors. This was disco- How to produce four types of blood 
vered by Lændstelner in 1900. groups, 


The basis for this clumping is the resulting interaction between 
antigene which is carried by red blood cell surface and what is contained in 
the serum of antibodies. Note that the relationships between them is shown 
in the below table. 


Antigens are given by the letters A and B and the antibodies given by 
small letters a and b. 


antibodies according to blood types 


Figure 5.14 Shows how the geneti- 
cs have explain the compatibility 
or the mismatch in the transfer of 
blood groups ABO. (for study) 


Chapter - 5 


In the light of the above information in the given table, it would be 
possible to decide the compatibility occur between the donor and 
the recipient in the transfer of blood groups ABO (incompatibilities) and the 
case when there would be agglutination between them. 


Agglutination not observed, Agelutination observed. 


Example 2; RH antigens 


This is one of the other antigens that show multiple alleles. [t was dis- 
covered by two scientist called Landsteiner and Welner in 1940. It was given 
a great deal of attention and that of their direct emergence of a case of anemia 
for some newborn babies. The disease is called Lrythroblastosis Fetalis, 
For this reason, the blood groups ABO and the Ñh have to be tested on the 
verge of marriage. This is to exclude the emergence of this disease in their 
children and to take the necessary precautions. 


The fetus who has fr and mother Rħ- and their father are Rh- 
can be affected by this disease. The father passes this allele to the fetus 
because Rh+ is dominant over Ħħ- so the embryo has become of hybrid 
genotype Rhirh. This kind of genetic units results in compatibility total immunity 
between the mother and the fetus . 


If blood flow through the placenta which is defective for some genet- 
ic reasons and entered into the mother’s circulation, the immune system of 
the mother will diagnose Rh antigens as foreign bodies, soit builds antibodies 
against them. 


In the second pregnancy, these antibodies concentrate in the mother’s 
system and when they pass through the placenta, of course enter the circulatory 
system of the fetus and start break-up of red blood cells. As a result this will 
cause loss of hemoglobin, causing anemia (jaundice). 


There are about 1D of the populations who have pregnancy with Rh 
incompatible. For several reasons, less than 1.5" in fact produce ammeniin 


Usually the mothers with this kind of problem will be given Anti-Rh immedi- 
ately after birth antimatter’s (Anti-Rh} Rit. These kinds of antibodies destroy 
cells of RH+ type, which has passed to the mother’s blood circulation. So she 
is unable to produce antibodies for the recipient. 


Genetics Rh system 


Preliminary genetic research led to belief that the human population there is 
only two alleles controlling the presence or absence of antigen. The scientists 
assumed that the allele Rh appoint an antigen on the surface of red blood cells 
and behaves as a dominant gene. The allele(rh) leads to the absence of antigen. 


It has been found that 85% of the population of New York City contains any 
antigen (Rh+); at the same time the remaining 15% do not contain any antigen. 
I.e. (he). 


In the city of Basrah, it has been found in 1976 that 93% of the sample studied 
possessed Rh+ and 7% of all was Mh. 


It has found that the negative type is less in the Eastern societies per- 
haps because of the election against negative alleles. This is due to the result of 
improvements to the tests necessary to set the presence of antigen. It became 
clear that genetics, which controls the Rh antigen, is rather more complicated 
than expected in previous time. 


The scientist Weimer supposed later that there is a series of multiple 
alleles in a single location for Wh and that must be taken into account for these 
variations. On the other hand the scientist Fisher and Race that there was some 
sort of another alternative inheritance which includes three of the convergent 
genes associated with ©, D, F and every one of them includes two alleles which 
have the responsibility of inheriting the Rt factors. 


The term Linkage used to describe the genes located on the same chromosome, 
which is the first pair of the physical chromosomes for this group. The student 
can follow this table which simplified in problem solving and genetic-related. 


Example (3) A bawi fie Raed group AR 


Man descended his first birth in a family group Mfrs, His father was an 
Rh+ too, but his mother was with Rħ-. This man married a woman with Rh+, 
but her father was Rl. Predict the blood group Rh for his children. 
Indicate the number of his children who will not be affected by the disease. 
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Chapter -5 
Conclusion: 
1. The father of the man with Rh+ and his mother Rhħh-, so the man is hybrid 


Rhrh. 
2. The women is Rh+ and her father Rly, therefore she is also a hybrid Rhrh 


Hyb Rit Hybrid Rire 
Rhrh Rhirh 


Rh, rh Rho rh 


RAR: Rfirh; Rherh: thrh 


3Rh+ : IRh- 
None of the children will be affected by the disease. 


The fur color is a classic example of multiple alleles or multiplier, 
where it can be seen the influence of the allele on the phenotypic directly with 
the naked eye, without having to use any technique for explanation. The fur 
color is controlled by at least four different alleles, which are (6, œ, e", C), 

Note that the allele (C) is responsible for the gray colour (agouti). This 
allele has the full dominant over all the other three remaining alleles (£, ee"). 
With regard to the allele ce" in turn is dominant over the two alleles e* e*. While 
c is dominant over ¢*. So the order of dominance for these alleles would be 
follows: @<gh_"<iC, 

Some sources claim that there is incomplete dominance between alleles of c" 
sc and between c™® and cè so when these two alleles meet in the same individu- 
al, between c" and c* and between c* and c? results in light gray colour. 


CO, Co® Ce Ce® 


—— en ) 


(eherituvce multi-genes) Quantitative Genetics 


This is the transmission of genetic traits as a result impact cumulative 
or additive for the number of the genes in the cell. Most of the qualities in 
human are the qualities of multiple genes (pelygenes) or complex charac- 
ters. They greatly influenced by the genes and the environment as well. The 
character of multiple genes in human is the skin colour, eye colour, intelli- 
gence, blood pressure, body weight and total number of skin lines (Total Ridge 
Count TRO) in the fingerprints of both hands. 


Note that the number of lines of fingerprints models are largely ap- 
pointed by multiple genes as well as partially respond to the environment of the 
uterus and this is a etlti-factorial trait. 


It has been observed in some communities there are differences be- 
tween the sexes in the distribution of installing these lines where the average 
number in the male sample 145 line, while the average number in a female 


sample 126 lines. These numbers can be different in some other societies. 


The properties with multiple genes available in the other creatures is 


the seed colour in the wheat and the amount of production of seeds and fruits 


and the time required to reach maturity in plants. Also the amount of milk, 


Figure 5.15 Eve color controlled 
by multiple penes (for stedy) 


meat, eggs, and the rest of the economically important traits in animals. 


Figure 5.16 Anatomy of fingerp- 
rint and total number of lines in 


sana! mage CEO aE BR ees ce Je SO eee pe t o N 
s5 TO BO 80 100110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 280 270 288 70 it (for study) 
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Concept of multiple genes 


Multiple genes is defined as; having slight impact on the phenotype 
when a gene is alone. As it accompanies with a few or many other genes, it can 
control quantitative property. Quantitative traits System are differs qualities 
from Mendelian traits system or descriptive (Qualitative traits as in the follow- 


ing: 
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Table 5.5 Comparession between 


quantitative and qualities traits 


Quantitative traits 


Measuring the effect af multiple genes (heritability coefficient): 


Most of quantitative traits influenced by heredity and environment at 
various degrees, so researchers are interested in this area in measuring herita- 
bility coefficient (Heritability) for the quantitative trait for its outstanding role 
in estimating genetic improvement expected from the election. 


The heritability coefficient is statistical measure shows the amount of 
variations in the population which is due to genetic factors between 0 and 1. 
Approaching the value one indicates on the impact of genetics and vice ver- 
sa for the impact of the environment. For example, heritability coefficient for 
prescription number of lines on equal to 0.66. This means that the genes have 
additional affect have the influencing role in the expression of this trait. 


Additive variation 


Heritability = 
Yy Phenotypic variation 


Tins kimi of tbertnce com be caplan by ihe foliei ewini 


If we assume that the inheritance of eye colour in humans is under the 
influence of a couple of alleles AA and BB. Then ifa man dark brown (Black- 
eyed) AABB is mated to a woman with light blue eyes, then the eye colour for 
their descents will be as indicated in the following diagram: 


If the members of the first generation are mated to members of the same type 
in their genotype the phenotype in the second generation will be as follows: 


1 Black (dark brown): 4 brown Moderate: & Light brown : 4 green 
(dark blue): 1 light blue. 


Also genotypes for second-generation members will be as described in. 


Figure 5.17 
Voriations in the eye color, 


A. Model for two genes, cach conta- 
ining two alleles which ure able to 
explain the existence of a five-color 
in the human eve. 


B. Frequency distribution of eve co- 
lor with a distribution of bell curve 
for the quantitative trait, 

(for study) 


We note the followings from figure 5:17.: 


1. The eye colour becomes black due to the presence of a couple of dominant 
alleles AABB, 

2. The moderate brown (medium brown) color appears when there are three 
dominant alleles and one recessive (+A Bh) or (AaB). 

3. The eye colour becomes moderate (light brown) when there are two domi- 
nant and two recessive alleles (A Al) or #aBB or Aabh. 

4. The eye colour appears deep blue or green when there is one dominant allele 
and three recessive Aub or ually. 

5. With regard to the light blue it is shown when there no dominant alleles 
(aabb). 


Sex and Genetic 
Limitation and Determination of Sex 


As we know the gamete contains half number of chromosomes, union 
takes place between male and female gametes at the fertilization to form new 
member which will be either male or female in normal case. 


Limitation of sex in many of organisms (except micro organisms) due 
to the genes which are located on the sex chromosomes, 


It’s been found in Divecious organisms (separate sexes) that male differs 
from female in chromosome structure, these chromosomes which include the 
difference called Ses chromosomes which are different in two the sexes, so 
can be X¥ in female and ¥Y in male and conversely, the other similar chromo- 
somes in male and female are called Autosomesi A), 


Figure 5,18 X and Y chromo- 
somes during cell division (for 


study) . Da PE 
When the sex chromosomes are identical in one of the sex, it will give 


one type of gametes when it divides, this called homogametie sex. The other 
sex gives two different types of gametes and this called heteroqgumetic sex. 
The following table is to identify the sex in the organisms which gives dif- 
ferent gametes in its male or in female, that’s because of the difference in the 
sex chromosome from the shape XY aspect or the number XO. 


Notice the figure below which explains a mammal animal doesn’t the chromo- 
some ¥ (XQ). 


Identifying The Sex System 
lL Males Give Different Gametes 


XY males XO males 
Figure 5.19 Animal (mole) Are found in human, other mammals, | Are found in some types of 
without Y chromosome. (for some insects and dioicious plants. Male grasshoppers and in two types 
study) produce two types of gametes; the | of mole voles, male has one less 


gametes with X and gametes with Y | chromosome. The males produce 

chromosome. Female contain only X | two types of gametes.Gametes 

chromosome and after fertilization with X and gametes without X 
zygote contains XX (grow in female) or | chromosome. The single sex 

468) XY (grow in male). chromosome determine the sex of 
male. 


2. Femules Give Different Gametes 
XV Females XO Females in 


Sex determining regior 


“St ¥ (SRY) 


(Ms 


is found in moth and most of birds. is found in chicken and some butterflies 


Enamel formation in terti 


Bone Cevelapment 


The chromosome ¥ is much smaller than chromosome X in human 
but it contributes with chromosome ¥ in many of DNA sequences. This chro- 
mosome contains sex determining region of the Y (SRY) and also contains 
aeznospermia melior (AZF). This chromosome is important in development 
studies. 


omiening region 


—<Spermn development 


Azooonernvs factor (AZF 


WON feo 


In some of twisted winged insects, such as bees, ants and wasp the sex 
determines by completely different procedure, so the unfertilized eggs hatches 
into males with haploid chromosomes and female with diplatil chromosomes. 


male specilic 


In some cases it has been found that the ratio between the sex chromo- 
some ¥ and the auto somes A determines the sex in Drosophila melanogaster. 
Noticed that the change in temperature controls the determination of sex in reptiles. Fjløure 5,20 Male determining chro 


mosome in human 


In microbiology such as bacteria, some of them have got positive fer- 
tility factor (F+) it behaves as a donor in the operation of fertilization. The 
bacteria cell which hasn’t got the factor (F-) it behaves as a recipient. 


Sex linked traits in Drosophila melanogaster 


These are the traits which express about the genes which are located on 
the sex chromosome. These traits differs from the other traits in main property 
that is represented at least by two genes in female and by one gene in male, 
that’s because the number of the chromosome (X) in both sexes. 


The first one who discovered the property of sex linked traits is the 
scientist Morgan (1910) when studying the genetic of the colour of eyes in 
Drosophila melanogaster, so he noticed that the trait of white colour of eyes is 
linked to sex and its recessive in respect to red eye and also noticed that’s the 
reciprocal cross to these traits gives different results. 


Example | 


Female of Drosophila melanogaster which have pure red eyes crossing with 
male which have white eyes, the first generation were male and female red eyes 
by the ratio is 1:1 and when the first generation were left to self conjugation, 
some of the product was male white eyes. 

What are the genotypes for the parents and the member of two generations (F2, 
Fy)? 


* The gene of red colour eye is dominant over the gene of white eye. 


Solution; 


The gene of the eye colour in drosophila is linked to sex chromosome, 
so it should always be sketched on that chromosome which is defined by X. It 
refers to the gene of white eyes color (recessive traits) by the letter w from the 
word white, it refers to the gene of red eyes colur (dominant) by the letter W, 
can explain the result of this crossing as follows : 


Female pure red icyes x Mule white eves 
XWX" xy 


x Xx", ¥ 


xX T xy 
Hybrid Female red eyes Male red eyes 
l ; | 


Hybrid Rosle red eyes X Male red eyes 
xx” x”) 


oe Srey d 


iP We >, beng OKs ASY, 
Female red: Male red Hybrid female Male white 
eves pure eves red eyes: eyes 


The results of this crossing differs to cases for the two alleles, one of 
them is dominant and the other one is recessive which are available on the two 

Figure 5.21 Difference hetwe- somatic chromosomes (Mendel genetic) as follows: 

en eye colurs of fruit fly (for 

study) 1-The rates in the second generation F2, are 3:1 in both cases but with regard 
to the sex linked traits, the appearance of recessive trait which are (white eyes) 
restricted to the male only. 


2-Half of the male have white eyes and the other half have red eyes with regard 
to this sex linked trait, also the results differs when conjugation female that has 
white eyes with male that has red eyes as in example (2). 


Example (2) 
Reciprocal Cross for the above case in example (1) 


When crossing female of Drosophila melanogaster (white eyes) with 
male (red eyes), the members of the first generation were females red eyes and 
males white eyes, when the members of (F1 ) conjugated between them, the 
two sexes appeared in (F+) by the ratio 1:1. 


What are the genotypes for the parents and for the member of (F1) and (F2)? 
Given that the gene of white eye trait is recessive towards the of red eye trait. 


Solution 

We refer to a recessive white eyes gene (w) and the symbol for the dominant 
red eye gene (ẹ}). We can explain the products of this reciprocal cross as fol- 
lows: 


Female (white eyes) xX Male (red eyes) 
KX” x>y 
x ANY 
XEK“ : Yad) 
Hybrid red eves female Whiite eyes male 


When crossing the member of the first generation (F1) with each other ,we get 
the following: 


Hybril red eyes female x White eves maie 
XVX" An 
j xr xX" E tol 
ie A” X* tell ¢ nA “tote S 
Hybrid red = = Red eves male White eyes White eyes 
eves female female male 


We eonrlwie He followings fron iris ermis 


a. Differences of phenotypes for the first and the second generation one from 
the results of the example (1) and from the results of Mendel’s traits. 


b. The white eye mothers transferred their traits to the males of the first gener- 
ation members, also the fathers transferred their trait of red eyes to the females, 
and this type of genetic is called Criss-cross inheritance 


c. In the second generation we got the ratio (1:1) in each of the sex with regard 
to the colour of eyes instead of the known ratio for the Mendel s traits which 
are (3 dominant: 1 recessive). 


Sex linked traits in human 
1. Colour Blindness 


The cause of this disease is recessive, sex linked gene (\") taken from 
the word (colour) and the ratio of this disease in male more than female by 20) 
times. The effected person feels inability to recognize between the two colours 
red and green (fig 5.22). That’s why he has to be careful when driving a car. In 
the following the explanation of genotypes and phenotypes for this disease. 


2. Haemophilia 


The affect of this disease are described as inability of their blood to clot 
when having a cut in the skin, that’s because of difficulty to breaking the blood 
platelets, this because of antihemophilic factor which is called Factor YIH 
is missing. Missing this factor is caused by a recessive sex linked gene \". 
The genetic of this disease is similar to the genetic of color blindness except 
the pure female in the gene of the disease (X"X") may die in the early stage of 
embryonic growth. 


3. Genetic of dominant sex linked trait int diiin 


Some people have decrease in phosphor level in the blood serum. The cause 
of this disease is a dominant sex linked gene (X”), the normal person has got 
recessive gene (\"). 


Practical example 


Woman affected by Rickets her mother was affected, but her father was not 
affected, she got married to a man (not affected) and she had four children, 
there were a boy and girl are affected. What is the genotype for each member 
of this family? 


——(__ Genetics _) 


Conclusion: 


Some children are affected and some are normal that means the mother is hy- 
brid in the gene of the disease, because if she was pure, then all the children 
would be affected. Also we conclude that woman is hybrid from her father (not 
affected). 


Solution 


Figure 5.22 (for study) 


a) Pedigree of color blindness 
(sex linked trait) 


h) Shows the probable genetic 
trait for cach member. 


Anyone who infected by color 
blindness cannot see number 
"8" but see number “3” from 
the colorfull circle 


Sex-influenced traits 


The phenotype for the trait depends on the sex of the person. Hybrid 
express about phenotype in sex and the alternative type in the other sex exam- 
ple for that is baldness in human. 


It is known that this trait is controlled by the gene B which is available on the 
body chromosome and its dominant in male, the baldness produces in male by 
two genotypes ÈI} and Bh but it doesn’t produce baldness in female, except in 
the case of BI} although of that, the effect of it, isn’t as much as in male and it 
express about it in later stage of the age. The appearance of baldness depends 
on concentration of male hormone. 


The other sex- influenced traits are the trait of length and shape of the 
feathers in chicken, horn in sheep and the colour of the hair in Ayrshire cow. 
There are two offspring, one of them is red and the other one is spotty by black 
and white, and the last type is more common in male. 


Sex-limited traits 


We have known when studied the recessive sex-linked genes will 
be in male more than in female. Any there are other factors can affects the 
express of the gene according to the sex (male or female) in a different ways. 
Sex — limited trait due to a gene affects the structure or function of the body 
which is available in male only or in female only. This kind of gene can be 
located on body chromosome or linked to sex. Understanding the sex-limited 
genetic is important for people who is specialist in looking after animals, for 
example producing milk in cows affects one sex only but any of the parents 
can transfers the genes which controls these traits. 


Another example in human is the voice, growing beard, the size of 
breast and sudden raise in blood pressure at the time near giving birth for 
some pregnant women. In general female don’t have growing beard because 
its disability to secrete the essential hormones for growing hair in the face. 


Chrommome Mapping 


The farther apart two genes are located on a chromosome, the more 
likely a cross-over occur. The greater the percentage of F2 offspring showing 
recombinant traits, the farther apart the genes for those traits must lie on a 
chromosome. 


Researchers conduct breeding experiments and use the resulting data 
to prepare a chromosome map. A chromosome map is a diagram that shows 


the linear order of genes on a chromosome. 


Alfred H. Sturtevant, one of Morgan’s students, made the first chro- 


mosome map for flies, To prepare his map, Sturtevant compared the frequency 


of crossing-over for several genes. The percentage of crossing-over for two 
traits is proportional to the distance between them on a chromosome. 
Sturtevant defined one map unit as a frequency of crossing-over of 1 percent. 


Linkage and Genetic Crowding over 


Linkage is a case of availability of two or more of non allele genes 
which tend to inherit with each other. The linked genes has got its location on 
the same chromosome, it doesn’t distribute freely but it can separate from each 
other by © passing Over which happens through rapliase | stage in first mei- 
osis which the two homologous chromosomes exchange some parts including 
the molecule of UNA. 


This exchange happens between the two non-sister chromatids for that 
identical pair of chromosomes, it doesn’t produce new gene and it doesn’t re- 
move old genes, but rearrange the alleles in one of the sexes or in both. 


Discovering the phenomenon of Crossing over by the scientist Mor- 
gan (1910) helped in explaining the results of many traits which has heredity 
procedure different than Mendel’s ratio. As we know that these Mendel’s ratio 
applies to the traits which its genes located on different chromosomes, that’s 
why it distribute freely at gametes formation, but when these genes are located 
on the same chromosomes (Linked) its behaviour will change, so it doesn’t 
distribute equally to the gametes, then we get different phenotypic - ratio to the 
one we got in test cross for (Dihybrid Cross). 


Figure 5.23 It shows how gene- 
tical crossing over takes place 
(for study) 
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Figure 5.24 Show three ge 


nes on o chromosome of fruit 
fiy including distance between 


them (for study) 


Duchenne 
muscular dystrophy 


Retinitis pigmentosa 3 


Synapsin 1 


Cleft palate, X.linked 

Angiotensin receptor 

Albinism-deafness 
syndrome 


Ribosomal protein L10 


Figure 5.25 Gene map for X 
chromosome in human. Shows 
the genes which cause different 
disorders (for study) 


pter- 5 


So in this case we get two big ones are the product of uniting parents gametes 
and two small ones are the of product of recombinations. 


We get the value of Crossing-over as follows: 


number of recombinations X 100 


The value of Crossing= ———————_—_—_ 
the total number of offspring individuals 


The product will be by percentage (%). 


Map unit or Centimorgan is used to measure the distance between 
the genes on the chromosome and each of them represents the value (1%) from 
the Crossing between two genes. The amount of crossing or the seen recom- 
bination’s proportional with the distance between two certain genes on the 
chromosome, so if this distance gets bigger, then the possibility of crossing is 
bigger, the genes which are close to each other on the same chromosome are 
hardly connected to each other, this notice was developed by the scientist Mor- 
gan which led him to put the theory of longitudinal order for the genes on the 
chromosome which led them to put the genetic maps for the chromosome. 


Also notice the map of the genes for chromosome X in human. This 
was put by using some new techniques. The percentage of crossing between 
the genes is affected by many genetic and environmental factors such 
as chromosomal mutations like Inversion and also chemical mutations and 
selection and sex, age, temperature and the x-rays. 


Example; 
Linkage ami Genetic reunia 


When crossing the plant of Sweet peas with purple flower (P) and 
long pollen (L) with Sweet peas with red flower (p) and round pollen (1) all 
the member of the first generation were plants with purple flowers and 
long pollen, this result seems normal, because as we know that the traits 
of purple colour and long pollen are dominant on the traits of red colour and 
round pollen. But the ratio of the second generation is not identical with the 
phenotypic - ratio (9:3 :3 : 1) which is particular by di-hybrid, also when using 
test crossing we don’t get the phenotypic - ratio and genotypic - ratio ( 1 : 1:1: 
|), that’s means the two above genes are linked and in this case, can draw these 
two genes on the chromosome to recognize them from the Mendel’s genes 
which is each of them is located on a different chromosome as follows: 


——(_ Genetics) 


Red flower round pollenX Purple flower long pollen 


(pure) 
P pi Pt 
pl PL 
G, pl PL 
F, == 
p l 


100% peas with purple flower and long pollen (hybrid) 


Red flower and round X Purple Hower and 
pollen long pollen 


P, p l P. (E 
p l P l 
P l P E Pp l = P l 
purple Red Nower Red Purple 
long pollen round flower long Newer round 
pollen pollen pollen 
Sey, FS Ey 
more plants because less plants 
linkage because Crossing 


The above explains the different type zygote PL//pl didn’t produce 
the expected gametes in equal ratio. It produced parent’s gametes PL and pl 
by higher ratio from the produced gametes of crossing pL and PI, that the 
last one gave less number of individuals. The linkage always tends to keep the 
parental combinations for the genes by fixed ratio nearly for any two linked 
genes. 


Cytoplasmic inheritance 


All the genetic information is coded in the molecule of DNA 
which is available in the chromosomes in ev karyotes organisms. According 
to this, can predict inheriting the traits in the families by knowing the behav- 
iour of chromosome during division. But the DNA is not only available in the 
chromosomes, it is also discovered in the mitochondria, green plastids, base 
body for flagella and that was in the beginning of sixties. This discov- 
ery explains some aspects of cytoplasmic inheritance or (External nuclear 
inheritance) which is non-Mendelian inheritance; it includes transferring 
genetic information through auto-multiply for the cytoplasm organelles such 
as mitochondria, green plastids and others. The molecule of cytoplasm DNA 
shows a clear differences in nucleotides sequence from nucleus PNA ,so it’s 
divested of protein, same as in the molecule of DNA in Prekaryotes like bac- 
teria, virus. The multiplying of molecule of DNA for cytoplasmic organelles 
is similar to multiplying in prokaryotes, the studies showed its ability to do the 
genetic expression. 


Rappa particles in Paramecinan 


Some descents of paramecium (Orillia) has the ability to secrete poi- 
son which distributes in water media and its called Paramecin, it kills the 
member of other descents which belongs to the same type when they present 
in the same media, it explodes the food vacuoles for the sensitive paramecium 
which swallows it. 


The paramecium who produces this poison called tiller) and the par- 
amecium who dies because of it called’Sensitive. In the cytoplasm of killer 
paramecium, it’s been found that small particles called Kappa particles which 
is similar to bacteria and it may contains a certain swallowed viruses. One of 
the theory points out that these viruses reproduce through multiplying, and then 
they produce poison which releases to kill the sensitive chains. 


Kappa particles contains DNA and protein, each paramecium cell con- 
tains 100-200 particles, its present in the cell permanently depends on a dom- 
inant nucleic allele K, the paramecium will be killer when it contains kappa 
particle and the dominant allele K in the two cases (Kk and KK) and will be 
sensitive in these two cases: 


i-When the gene is recessive (kk) even if it contains kappa particle, it can’t 
keep them, so it lose them after a few division. 


2-When the gene is pure and dominant (KK) or hybrid (Kk) that s in the case 
of kappa particles not present, so the dominant allele (K) can’t produce bacteria 
kappa, only when there is a little part of it in the cell. 


After the conjugation is completed, it produces two killer descents that 
mean the trait of kill inherits through cytoplasm. 


Killer Sensitive Killer Sensitive 


Killer Sensitive Killer Killer 


Sensitive Sensitive Sensitive Kier Sensitive Killer Sensitive 


When a killer one conjugates with a sensitive one in suitable condition 
so (avoid killing the sensitive one) exchange of the nucleic material happens 
without exchange in the cytoplasm (because conjugation period is short) (case 
B) and after the conjugation is completed. 


The sensitive one gives sensitive descent which carries the dominant 
allele in the case of hybrid (Kk) but is missing kappa particles, the killer one 
gives killer descent (Kk) which carries the dominant allele and kappa particles, 
that means the trait of kill doesn’t inherits through the nucleus, the produced 
descent from the killer one inherits kappa particles, meanwhile the descent of 
sensitive one doesn’t inherits it, because the exchange of cytoplasm doesn’t 
happen, another example for cytoplasmic inheritance in animals is the effect of 
genotype for the mother to point out the side of spiral the Limnaea. 


"Figure 5.26 
Cytoplasmic exchange happens (A) 
or doesn’t happen (B). The ease(A) 
happens when the time of conjuga- 
tion between the two descents the 
killer and the sensitive is enough 
to allow exchanging big amount of 
cytoplasm between the two conjuga- 
ted organisms, also to exchange the 
nucleic material, 


Figure 5.27 Mutation causes 
the similaretfects in different 
organisms. 


A) Mutation in mouse 

B) Mutation in cat 

C) Mutation in human (for 
study) 


Mutations 


Mutation is sudden change in succession of nitrogen bases of a gene 
or of a molecule of DNA; this change is associated with appearance of new 
phenotype and genotype on the base of the quality of cells. There are mutations 
happens in the germ cells which is represented by the gametes of organism, 
the mutations of reproductive cells don’t effect the organism itself but it may 
transfers to his children. There are mutations happens in the somatic cells of 
the organism then effects it, for example some types of skin cancer and blood 
cancer in human, this type of mutation doesn’t inherits. 


Mutations can be harmful as in the case of wings reduction in Drosoph- 
ila melanogaster, shorten legs in sheep and many of diseases and syndromes in 
human, or can be lethal which leads to the death of embryo before birth. 

Some mutations lead to useful phenotypes for organism, the organisms 
with useful mutation may have better chance for adaptation, reproduction and 
survive, so these organisms can be very important economically such as the 
mutation which leads to increase the animal and plant production and improve 
the quality. 

Mutations can be represented in changes in certain chromosome this 
called chromosomal mutation or in certain nucleotide this called genetic muta- 
tions. 


First: Chromosomal mutations 


Chromosomal mutations divide into two main types: 
1. Mutations herause of changes in the number of chramosnmes: 


A. Aneuploidy, in this case there is one missing chromosome or one extra 
chromosome. 

B, Palypleidy, this is an increase in complete chromosome group so the organ- 
ism has triple-chromosome(3n). 


2. Mutations because of changes in structure of chromosomes: 


A) Change in the number of genes that includes deletion which means losing 
part of chromosome. 

B) Change in the order of genes that includes Inversion which is part of a cer- 
tain chromosome breaks and reverses, then unites again with the chromosome 
itself and the transition which part of a certain chromosome breaks and unite 
with another not identical chromosome. 


Genetics 


Some chromosome mutations are the loss or gain of entire chromosomes. The 
mutation that gives a person three copies of chromosome 2! results in Down 
Syndrome. The mutation which provide a certain person by chromosome add- 
ed to chromosome pair number 2! is produced from Non-disjunction case this 
chromosome doesn’t separate of the other one during meiosis, this leads to 
that one of the gametes contains an extra chromosome, at the same time the 


other one is missing this chromosome and this case called own syndrome. 


SLSK 


Translocation Inversion Deletion 


decom: Genetic aniitiien iaciuaes hep Hya: 
l-Point mutations: 


It is the product mutation from deleting or adding or exchange one nucleotide 
with another one which belongs to one genetic location (Locus). 


l- Deleting mutation: In this one nucleotide will be missing from a certain 
gene. This deletion leads to incorrect combination for remaining Codons, this 
called Frame shift mutation which leads to change all the amino-acids which 
locates after it (A). This mutation may leads to dangerous affects in the func- 
tion of protein. 


2- Insertion Mutation: This is to insert one nucleotide into a certain gene 
which may leads to Dispiace Mutation too. 


3- Substitution Mutation: One nucleotide replaces with another one (ff). If 
this Substitution happens in a certain codon, the amino-acid changes. There 
are many types of substitution mutation as follows: 


Figure 5.28 Chromosomal mu- 
tations (for study) 


Figure 5.29%: (21) numbered chro- 
mosome repeated three times in 
down syndrome (Trisomy) (for 
study) 
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Figure 5.30 Gene mutation 

(for study) 
A) In a substitution mutation, 
one nucleotide replaces anot- 
her. forming a new codon that 
may signal the insertion of the 
wrong amino acid. 
B) Deleting a nucleotide cau- 
ses all subsequent codons to be 
incorrectly read, resulting in a 
frame-shift mutation, Addin- 
ga nucleotide shifts the codon 
grouping too, and causes misre- 
ading. 


Co Chapter-S 0) 


A- Missense Mutation. 
B- Neutral Mutation. 
C- Silent Mutation. 

D- Nonsense Mutation. 
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2- Duplivate Mistation 


This includes affect more than one pair of nitrogen base for the gene, 
this happens through repetition of copying part of gene. 


Average of occurrence mutation: 


Most of organisms have got many genes, so the possibility of occur- 
rence of mutation in one of these genes is very big. It’s been known the average 
of mutation for the one gene in drosophila melanogaster is nearly 10°°-10° so 
once for each 100000 million gene in one generation. 


The total average of mutation in these insects is around I" « 3%. The 
average of mutation differs from gene to another in the same organism. 


This average may increase when an exposure occurs to some Muta- 
gens like radiation with high energy such as ultra violet rays and ionic radiation 
like x-rays or some chemicals like nitric acid, metallic salts and formaldehyde. 
It is clear that a number of known chemical materials can be careimigenie. 


Anti-mutagens 


Because of the problems which mutation causes, the scientist have found re- 
cently anti-mutagens material for some mutations: 


1) Bia onti-motngens: These are stopping factors, it has role within multiply- 
ing the DNA or other factors which has role within the operation of repairing 
the damage. 


——(__ Cts _________) 


2) Des-mutagens: This is like finding anti-material which works directly on 
mutagens such as anti-oxidation or finding Blocking Agents. 


Human genetics 


Despite of human genetics regards as the oldest branch of the practical 
genetics, and the human species (Hume saplems) is most important target to 
study the genetics, but this branch developed slowly comparing by the other 
branches of genetics, that’s because of many difficulties which facing the re- 
searches in this field and they are as follows: 


l- The small size of the human families don’t allow all the possibilities to ap- 
pear, so it is difficult to make sure of the purity of the parents traits, so the big 
size families are more desirable in the genetic studies, but the number of the 
biggest human families is much less than the right number to put genetic ratios 
statistically testable. 


1- The age of one generation since the birth until it reaches the age of adoles- 
cence are many years, so following the traits in the next generation takes long 
time. 


4. The marriage in human is regarded as private issue which is impossible to 
control it or direct it according to the marriages which are controlled by exper- 
iments. 


4- Many of human traits are not controlled by Mendel’s genetics but they are 
controlled by non-Mendel’s genetics such as an accompanying dominant, in- 
complete validity, interference the genetic action, multi genes with an accu- 
mulated affect which is impossible to study the effect of each one individually. 


5- Large number of chromosomes in human comparing to the other organisms. 
Studying the human genetic depends on the following: 

a- Noticing appearance or disappearance the traits in the members and the rela- 
tives through generations by drawing the family tree and collect statistical data 


for one family and many families with the relation to the studied traits. 


b- Studying the changes in the genetic frequencies and the interference with 
the environment which is regarded as important database for surgical medicine. 


c- Dependency by modern molecule techniques through knowing the nitrog- 
enous bases successions for the gene and link it by the function of that gene. 


Pedigrees 
Pedigree is a diagram shows the producer of a certain trait’s genetic 


throughout many generations. The squares in this diagram refers to males, the 
circles refers to females. 


Figure 531 Pedigree show a 
disease that transmitted by a 


ressesive gene. (for study) 
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e The square or the dark circle means the presence of the trait or the case with 
the person in a certain generation and vice versa for the light colour symbol. 
*The horizontal line which connects the male to the female refers to the mar- 
riage. 

*The vertical line refers to the children which have been arranged from left to 
right according to the order of the birth disrespect of the sex. 

*The Roman numbers refers to concession of generations. 


The four members in the fifth generation for the above pedigree are 
called Carriers for the gene, because they have one recessive allele only but 
they are not affected by the disease, but each family of them have the ability to 
transfer it to his son and his daughter by concession (from left to right). 
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Inheritance of some body traits and disease abnormalities 
in human: 


The people who are interested in genetic may know the genetic of some traits 
and the genetic abnormalities through analysing the patterns of inheritance, 
so analysing the expression about the genes throughout the generations by the 
pedigree. The standards of dominant traits which are the responsible gene for 
each trait is located on body chromosome. 


l- The trait transfers in male and female by equal frequency. 
2- The consecutive generations are infected. 
3- Stopping the transfer after the generation which there isn’t any affected one. 


The standards af the recevsive trates are fhe following; 
l- The male and female are frequently affected at the same level, and the af- 


fected members can transfer the gene except in the case of death before the age 
of adolescence. 


2- The traits can disappear for number of generations. 
3- The parents of the affected person are heterozygote or carrier of disease. 


The effect of genetics is not limited to appearance or disappearance of 
some traits only, but extends to the function of some organs and their prepara- 
tion to get affected by certain abnormalities which transfers from the parents 
to the children in an identical form for other traits, example for that poly sacs 
in kidney for the dominant gene which causes that and the disease of cystic 
fibrosis for the recessive gene which causes that (table 5-6). 


Tuble 5-6 Some Traits 
(Dominant, Recessive) in human. 


Tounge curving 
abiity 


curving 
ability 


Figure 5.32 Some common 
genetical traits in humans 
(for study) 


Bending thumb to back Bending thumb to front 


Human Chromosomes 


The chromosomes which are not directly related by determination the 
sex in human are called Autosomes and they are 22 pairs and the remaining pair 
as we know it represents the sex chromosome (one pair represents the sex). 

Chramesanes of himan say differentiate according ta centromere 
location to the following types: 


a- Metacentric Chromosome; centromere is located at the centre and the locus 
of chromosome at the same size. 


b- Submetacentric Chromosomes; centromere is closed to one of the poles and 
locuses are in different sizes. 


e- Acrocentric Chromosome; centromere more closed to one of the poles and 
look as “I” during cell division. 


d- Telocentric Chromosome; centromere located at one of the poles. 


an XX 


Telocentric Acrocentric Submetacentric Metacentric F igure 3 33 | y pes of chromo- 


somes according to centromere 
positions 


On the bases of the length of chromosome and centromere’s location, 
the chromosomes of human can be ordered in 7 groups of Autosomes from A 
- G, and one pair of sexual chromosome either (XY) or (XX). On that base so 
the 23 pairs of chromosomes in body cells divides into the following: 


Figure 5.34 Chromasomal sys- 
tem of a normal male embryo 
(for study) 


Marnosing the genele diseases 


People who have got family history in getting affected by a genetic dis- 
ease usually have the genetic examination, especially before having children, 
there two methods to diagnose: 


a- Method of Amniocentesis, 
b- Method of examine of Choriomic villi which are located in the lining of 
uterus. 


Fedecing the cynpions of seme penetic diseases 
That can be done by many ways: 


1. Diet: This described for some genetic metabolism diseases such as phenyl 
Ketonuria, 

2. Physiotherapy: This described for cystic fibrosis patients, so the patients 
have many sessions which hitting on the back and the chest will be used to get 
the sticky mucus from the lungs. 

4. Using ceriuln lnjeethone for some diseases such as insulin injection which 
are used to treat urine diabetes and the injection of blood clotting protein to 
treat Haemophilia. 

4. Using some surgical operations for the embryo (limited cases) to repair 
some genetic abnormalities. 

5. Treatment by the genes, exchanging the gene which suffers problems in 
function, that’s by reducing the symptoms of disease which the original gene 
is responsible for it. 


Genetic counselling 


Many people with a family history of a genetic disease also undergo 
genetic counselling, the process of informing a person or couple about their ge- 
netic makeup. Genetic counselling is a form of medical guidance that informs 
individuals about problems that might affect their offspring. By studying the 
data from genetic screening tests and the family’s pedigree, a genetic counsel- 
lor can predict the likelihood that a couple will produce an affected child. For 
diseases that have both genetic and environmental influences, such as diabetes, 
physicians and counsellors can advise families on how to lower risk factors. 


The fields which can be counselled 


1. Know the range of affecting some members of the family by one of the ge- 
netic diseases. 

- Know what leads to (relative marriage) possible genetic diseases. 

. Know the causes of irregular sexual formation or late sexual maturity. 

. Give advises in case of frequent miscarriages. 

. In case of identifying the father. 

. In case of finding out the danger of medicines and radiation. 


N 
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Human Genome 


After a half century of discovering the structure of DNA, genetic sci- 

entists knew the genetic successive or human genome which includes order of 
about 3,3 billion pairs of nitrogen’s bases in human chromosomes. Scientists 
looking forward to know the information which the nucleotides succession will 
determine for DNA real terms. 
That’s by developing new and important field of biology fields (Binin format- 
ies} which is aiming to program the computer to help to explain and analysis 
most of DNA nucleotides successive and expect genes presence places and the 
functions which control by it, also comparing between successive of different 
nucleotides for DNA. 


Wolevule base for Hone 


Mendel through his study for many traits in plant of peas concluded 
that there are genetic factors controls transferring the traits in the organism, but 
what are these factors, what its procedure to store the genetic information and 
its ability to solve the vague information which puzzled the scientists. Later 
through their studies and researches could solve some aspects of that puzzle 
by insistence of scientists to find the solution for one the respiration system’s 
diseases which was spread in the society in 1928 . 


erection af DNA 


Scientists depended on three studies definite that DNA is the genetic material: 
1. Krevet experiments on bacteria, so he explained that there is genetic factor 
which did the Transformation; he could transfer the ability of killing between 
types of bacteria cells. 

2. The experiments of Avery showed that HWA and not the protein are respon- 
sible of Transformation in bacteria. 

3. The experiments of Hershey and Chase, these two scientists in (1952m) 
had a test to know if (the DNA or the protein) is the genetic material which the 
virus transfer it or bacteriophages. Can explain this experiment in three steps: 


e Radiation was used to distinguish DNA from the protein in virus, so radiated 
phosphor (P=) was used for the DNA and the radiated sulphur (S**) was used 
for the protein. After that the two scientists left the virus which contains the 
radiated phosphor and the one which contains the radiated sulphur individually 
to affect the bacteria (Escherichia coli). 

e The layers of virus were removed from the cells by certain processer. 

e The viruses were separated from bacteria by using Centrifuge. The result 
was all viruses’ DNA a little bit of protein interred to bacteria. On that base it 
was concluded that the part of virus which affected bacteria cell and multiply- 
ing its NA not its protein. 
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Figure 5,35 
Hershey and Chase, had a test and 
concluded that DNA is the genetic 
material which the virus transfer 
it. (for study} 


Figure 5.36 Double helix form 
of DNA. (for study) 
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Figure 5.37 A) Structure of nucle- 
otide (for study) 


Figure 5.37 B) Structure of nucleo- 
some (for study) 
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The structure of DNA 


Until the year 1953 the biology scientists were proving the idea of 
DNA is the genetic material but before that time they didn’t know the structure 
of DNA, then two scientist Watson and Crick put the idea for DNA structure; 
it is basically consist of two anti-parallel chains, one of them turns around 
the other one in a shape of double spiral and the nitrogenous bases for one of 
the chains connects with the bases which are relate (complementary) in the 
opposite chain by hydrogen bonds, also the sugar circles and phosphate group 
in each of the chains by covalent bonds. 


Deoxyribonucleic acid (DNA) is regarded as a complex chemical 
compound. It is present in all living organisms and it is important. It is present 
mainly in the nucleus within the chromosomes which forms from the chro- 
matin reticulum, and the chromatin material forms from units of Nucleosome 
which is consist of four molecules of histone each one presents in dual case, 
DNA molecule includes this structure. DNA also presents in some cytoplasmic 
organelles as in mitochondria and plastids. 


Molecules of DNA is the biggest bimolecules, as polysaccharides 
are consists of number of units or small molecules which are mono- 
saccharide, the proteins are consist of number of units or smaller molecules 
which are amino acids, so the nucleic acids are consist of a big number of 
frequent building units called Nucleotides. 


Each Nucleotide consists of three simplest molecules connected with 
each other directly it is from ont to inside as follows; 


1. Pentose sugar which called Deesyribese, the molecule form is (C, H, O)). 


2. Phosphate group: This consists of an atom of phosphate (P) is connected 
by four atoms of oxygen (©). 

The alternate molecules for phosphate and sugar forms the two sides of DNA 
chain, so the nucleotides which are on the way of each chain connects by cova- 
lent bonds combines between the sugar of one of the nucleotides and phosphate 
group for the other nucleotides. The covalent bond is unites two atoms as a 
result of corporation of each one of them by an electron. The sugar and phos- 
phate are identical in each nucleotide. 


J. Nitrogenous Base is a ring compound which contains nitrogen, in addition to 
carbon, hydrogen and oxygen except adenine which doesn’t contain oxygen. 
The distance between each base and another one is constant. 


Types of Nitrogenous Bases 
it-7 yrimidine: includes the following ninti dairesi 
1) Thymine (T) it is available in DNA only. 


2) Cytosine (C) it is available in both nucleic acids. 
3) Urach {l} it is available in ANA only. 


B-Parines: inclades two bases: 


1) Adenine (A) it is available in DNA and RNA. 
2) Guanine (C) it is available in DNA and RNA. 


Purines 


Pyrimidines 


ee, 


Guanine (G) Adenine (A) Cytosine (C) Thymine (T) 


Hv HH 


Sugar 


The linkage of the bases between two chains is not random, but it is 
bounded, so adenine in one of the chains always connects with thymine in the 
other chain by two hydrogen bonds, and cytosine in one of the connects with 
guanine in the other chain by three hydrogen bonds. 


In 1949(A.C) the scientist Chargaff ingratiate that the percentage for 
Adenine equals the percentage for Thymine, also the percentage for Guanine 
equals the percentage for Cytosine in the DNA for a various group of organ- 
isms and these pairs of bases are called Complementary base pairs. 


So the order of the bases in one chain of the DNA molecule or RNA is com- 
plementing for the structure of the bases in the opposite chain. For example 
the chain of DNA with order AG AC the opposite chain will be in completing 
order TOTG 


Complementary base pairs are important in DNA’s structure and function for 

two reasons: 

1) Because the bonds between the base pairs helps to hold the two DNA chains. 

2) Because of complementary nature for the DNA helps to explain how it is 
replication before the cell division. 


Example: If you know the succession of the bases in one of the DNA chains 


is; ICI GTG GAT. How the complementary bases will be in the opposite 
chain? 


Salation: 
The succession of the given bases is: € GTG GAC 
The supplement succession willbe : AG { CTC 


The above shows the DNA is very important, because it is the forming material 
for the genes, the succession of the nitrogen’s bases determines the traits of 
organisms. 
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Figure 5.38 Structure of purine 
and pyrimidine nucleotides 
(for study) 
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Ribonucleic acid (RNA) is available in the nucleus and in the cyto- 
plasm as the case in the nuclei, and in ribosomes and in other structures. This 
acid can be the genetic material for some viruses; also it is very important in 
protein synthesis and the enzymes. This acid is similar to the DNA in chemical 
building units, but it differs in limited aspects as the following: 


1) RNA contains ribose sugar C.H O, instead of ribose sugar missing oxygen 
C, H 0O, which is in DNA, 

2) RNA contains nitrogen base Uracil instead of the base Thymine which is in 
DNA. 

3) RNA usually consists of one chain not two as in DNA. But some parts of the 
RNA may bends to become binary chain, in that Uracil connects with Adenine 
and Cytosine connects with Guanine. 

4) RNA is short (nearly equals the length of one gene) but he DNA is a huge 
molecule contains hundreds or thousands of genes. 

5) RNA carries instructions of protein synthesis, but the DNA can give the 
instructions only. 

6) RNA can behave as enzyme, but DNA can’t do enzyme function. 


RNA Types: 


We will mention three types of RNA and all of them are made in nu- 
cleus of the cell and transferred to cytoplasm, so it has role in protein synthesis 
and they are: 


1) Messenger (mRNA it is a molecule transfer genetic message from DNA 
which is available in the nucleus to the ribosomes which is available in the 
cytoplasm in the cells of eukaryotes. 


2) Ribosemalir ENA}: it is part of the structure of ribosome; it shares with pro- 
tein in its formation. 


3) Transfer (LRN Ab it transfers amino acids to the ribosome for protein synthe- 
sis. It was noticed the amino acids connect to this acid ((RNA) before transfer 
it to the ribosome. 


Genetic Code ond Messenger ANA 


Genetic Code points out the succession of nitrogen’s bases in mRNA 
(Messenger RWA) so three nearby nucleotides represents Codons and deter- 
mine an amino acid or points to the beginning of Initiation or to stop the trans- 
lation. 


Replication of DNA 
The main property for the genetic material DNA is the ability to repli- 


cation in the beginning of each cell division to make sure transferring it to the 
new cells. 


Replication s steps: 


1) Helicase enzymes separate the DNA" chain, so these enzymes transfer on 
the length of this molecule to open the hydrogen’s bonds between the comple- 
mentary bases. The product of separation these two chains is an area looks like 
the shape of letter (Y) which is called replication fork. 


2) The enzymes of DNA Polymerase adds completing nucleotides which are 
inside nucleus to each one of the original chains and off course the covalent 
bonds form between nearby new nucleotides, also the hydrogen’s bonds forms 
between the complementary bases which are on the original and new chains. 


Notice the direction of the arrows in this figure at replication fork that building 
the DNA is in opposite direction in each chain this leads to make holes in the 
chain which is forming recently, but these holes get connected in between them 
by an enzyme called DNA Ligase, 


3) DNA Polymerase enzymes ends the replication and then separate from it 
and produces two separated molecules in each chain, one of them is original 
and the other one new, so this kind of replication called Semi-Conservative 
Replication. 


The replication is carefully done, so one mutation can happen for each 
one billion of added bases pairs, the reason is the presence of DWA polymerase 
enzymes which mostly repairs the mistake. 
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Figure 5.39 Stages of DNA 
replication (for study) 


Chapter - 5 


DNA and iis ability to Transcript the RNA 


Transcription is the building operation of RNA by using one chain of 
DNA as template. Tramseripetiem is regarded as the first stage of protein syn- 
thesis, the steps of transcription as follows: 


1- RNA polymerase enzyme which is the enzyme that stimulates producing 
RNA from the DNA template connects in Promoter situation that leads to untie 
the wrapped DNA chains and their separation. 


2- RNA polymerase enzyme adds RNA free nucleotides to the nucleotides 
which are in one of the DNA chains and it produces a new RNA chain. As the 
case in DNA replication so the pairs of complementary bases determines nu- 
cleotides succession in RNA which is made recently. 


For example; 
If the succession of the bases in DNA chain is: CA G © TA so the succession 
of bases in RNA chain will be as the following: 


Succession of the bases in DNA chain CAG CTA 
Succession of the bases in RNA chain GLC (AL 


Figure 5.40 It shows the stages After RA polymerase enzymes have left the area of gene which had been 


of production of amino acids transcript, the DNA chains wrap again. 


from genes. Each three nucle- 
otide form a codon and each 
codon used to produce an 
amine acid. (for study) 


3- After RNA polymerase enzyme arrives to the ending signal it releases new 
RNA with different types. 

The product RNA may perform its function in the cell. The enzyme can tran- 
script another gene. 


(A) 


(B) 


Aa Dgr Glutamate 


Thereonine ‘Prolin 


DNA Troosiatien for protein syniliesis 


Translation is regarded as a step in protein synthesis and it happens in 
the ribosomes and codons have been used in MRNA molecule for the determi- 
nation of amino acids succession in polypeptides chain and include three main 
steps: 


ljinitiation Stage: IRNA connects with MRNA and two building units for the ri- 
bosome with each other. Certain enzymes connects the amino acid methionine 


at one of the tRNA sides according to initiations codon AUG in the mRNA ‘ 
=—— Codon in mRNA 


which couples with anti-codon UAC on the other end for (RNA. The amino 


Anticodon 


acid methionine is regarded as the first nearly in all polypeptides but it may n 
in tRNA 


disappear later. 

2) Elongation Stages In this stage the chain of polypeptides form, the anti-codon in Amino asi 
tN which carries the suitable amino acid couples with the second codon in 

mRNA, follows the separation of methionine from the first tRNA under the 

action of ribosome. Then a peptides bond forms between methionine and the 

second amino acid. Also the first tRNA leaves the ribosome and the ribosome Amino acid 
moves forward alongside with the molecule of mRNA one codons distance. 


Figure 5.41 A typical type of 


3 ination Stage: W ri i i ike (UGA i 
) Termination Stage: When the ribosome arrives to the stopping codon like { (RNA. (for study) 


or UAG or UAA) on the MRNA this leads to separation of polypeptides chain 
which was formed from last tRNA and a release happens in the cytoplasm with 
leaving last tRNA for the ribosome, also the two building units for the ribo- 
some Separates from cach other and the ribosome moves away from mRNA. 


Translation of mRNA doesn’t get completed only after the transcrip- 
tion which was mentioned before is ended, this is in eukaryotic. 


In prokaryotic that don’t have nucleic membrane separates its nucle- 
ic acid (DNA) from ribosomes which is present in the cytoplasm, so it can 
start the translation before the transcription ends. A new ribosome can start 
the translation of mRNA in case the previous one retires, therefore many ribo- 
somes may translate the same copy of mRNA, and this kind of translation is 
called polysome. 


Ñirucire amid fiction of protein: 


The shape of protein has a big influence on its function. Each protein 
consists of one or more polypeptides, which are chains of amino acids and is 
connected by peptide bonds. There are (20) different amino acids in the protein 
of organisms. The chain of polypeptides consists of hundreds or thousands of 
the (20) different amino acids which are ordered according to special succes- 
sion which gives three dimensions structure for the protein. 


Chapter -5 
Genetic Enpincering 


It is the techniques of changing the genetic structure for the living cells 
or the individuals through removing some genes or hybrid a new molecule of 
DNA or altering it to enable the cell or the organism to gain the desirable traits. 
The following are main needs for the technique of genetic engineering: 


1. A method of cutting down the molecules of DNA which carries the required 
gene to transfer by one of the restriction enzymes. 


2. A suitable carrier which carries the new piece of DNA. This take place 
through it’s unite with DNA carrier with the help of DNA Ligase enzyme, so 
the hybrid piece (DNA) marked by its ability to replication inside the recipient 
cell. 


3. A method to enter the hybrid piece of (rDNA) including the carrier piece for 
the gene that is going to be transferred to the recipient cell. 


4. A method of finding the recipient cell and its generations which carry the 
desirable hybrid piece and separate it from the rest of colonies members who 
doesn’t contain that piece. 
The following is a summary of some of these needs: 
l. Restriction enzymes: 

These are bacterial proteins which are used to know the certain succes- 


sion of nitrogen bases for the DYA molecule and it’s cutting down. Also these 
enzymes break the internal phosphate bonds for the DNA. 
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Figure 5,42 It shows the activi- 
ties of restriction enzyme(Eco end | 
RI) (for study) 


Recombinant DNA 


2. The carrier: 


The carrier has a main role in this technique and they are the following: 

First Bacteriophage: Phages are simple structured viruses which affect the 
bacteria or remains inactive. It contains single or double DNA strips or it may 
contain single RNA. An example for this is the phage lambda. 

Seconds Plasmhl: It is a small circular from the additional DNA molecule 
which is present in many bacteria. 


- It carries a small number of genes which are responsible for some traits like 
Bacterial resistance for the antibiotic. 

- It replicates itself independently from the bacterial chromosome. 

- It can be transferred from one bacterium to another and for many organisms 
such as yeast, fungus and insects. 


3. The Probe and finding the desirable gene 


Probe is the molecule of DNA or RNA which is mono- chain and it is 
marked by radioactive phosphor and complement for the DNA desirable suc- 
cession and it is required to find it, as a result of connection between the probe 
with complementary DNA piece will form a double radioactive spiral. 


As for the insulin gene given in the probe is regarded as the RNA 
for this gene. Usually the specialists transfer the DNA from the re-structured 
bacteria into filter paper for the purpose to find out if the bacteria contains the 
desirable gene, when the bacteria is viewed under ultra violet rays or when it 
is exposed to photographic film, the clomes cells which carries desirable DNA 
and is distinguished by the probe stuck to it and it will become light and shiny. 


Genetic practices 


1. Determine the succession of complete nucleotides (Human genome) to know 
the genetic map. 

1. Its used in justice field. 

1. Its used in the field of following the human immigration and some other or- 
ganisms from its environments especially the ones threatened by extinction. 

4. Producing human insulin hormone, protein interferon material, clotting fac- 
tors number (8), blood protein and different vaccinations. 

5, Transferring the trait of nitrogen fixation to other types of bacteria. 

ö. Transferring the trait of root nodules formation in the beans plant to other plants 
which are economically important. 

7. Developing researches of using the bacteria in research field about presence 
and purification and concentration of the minerals in the soil. 

E. Developing the ability of micro organisms to limit some dangers of pollu- 
tion. 

!, Applying selection systems in marriage of disdains of cows, sheep, horse, 
chicken, fish and others. 

ii), Applying genetic concepts such as artificial selection and hybridization and 
regular birth to produce useful plants for humans in big amounts, also taking 
the advantage of twin’s phenomenon in cows and sheep to produce useful an- 
imals. 
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Figure 5,43 The ability of producing human 
insuline by inducing bacteria cells (for study) 


Restriction enzyme 


Insulin 
Cut DNA with restriction 


enzyme 
Sticky ends ~ Human gene for 
insulin 


Recombinant 
plasmid 


Recombinat 


ee bacterium 


| plasmid into bacterium 


bacterium to 
multiply 


Bacteria able tc produce 
human insulin 


——(___ Genetics) 


Review 
Oli Define the following: 
Genetics, Monohybrid Cross, Heterozygous, Mendel’s first law, Restriction Enzymes, Probe, rRNA, sex-linked traits, 
Lethal alleles 


(2) Mention the properties of the scientist Mendel which made him famous in genetics. 
O3) Mention some scientists who contributed in the progress of genetics with pointing out their best achievements. 
(4) What is the meaning of Phenotype (P) and Genotype (G) and give some examples. 


(5) A man with blue eyes got married with a women with dark brown eyes, they had a number of children all of them 
had light brown eyes. Explain the genotype for all these people according to the rules of multiple genes. 


(0) The plant of peas with red flower was crossed by another one with white flower, all the product plants where red 
flowered plants and if you fertilize one of the first generation individual with one of the parents, what are the Phenotype 
and Genotype for the individuals of second generation, and what is the type of cross in this case? 


()7) Guinean pig with rough, black hair was crossed by a female with rough, white hair, they had a number of births 
as the following: 3/8 rough black, 3/8 rough white, 1/8 smooth black, 1/8 smooth white: what are the genotypes for the 
parents and the product individuals? The traits of the rough hair and the black colour are dominant. 


(98) In yellow mice (Yy) the Allele (Y) will be lethal, when intercourse takes place between those, all the pure yel- 
low colored individuals die. Explain the phenotype for all live individuals only. 


()») An intercorse took place between Mexican dogs with normal hair by another one with no hair, half of the first gen- 
eration individuals were with normal hair and the other half with no hair, when intercours took place between dogs with 
no hair, the individuals of product generation where as follows: 1/4 normal hair, 1/2 with no hair, 1/4 with no hair dead. 
Explain this result with trying essential cross. 


(210) In Drosophila melanogaster the intercourse of (normal wings x obtuse wings) gives individuals as: 1 with normal 
wings (folded wings), also the (obtuse wings x normal wings) gives individuals as: 1 with obtuse wings: 1 
with normal wings. How do you explain these results i.e: The obtuse wings are dominant trait. 


Q11) Mention the properties of the used animals in genetic experiments? 


(912) A left handed man who infected with haemophilia, got married with a right handed woman who carries the disease. Half 
of the children (boys) were affected by the disease, half of the girls carrying the disease, also they had two normal chil- 
dren within this generation, and one of them was left handed. What is the possible genotypes for all the children in this 
family, given that right handed and not affected by haemophilia are dominant traits. 


(13) The disease of Color Blindness is caused by a recessive, sex-linked gene, if an effected woman got married to a 
normal man, what are the expected phenotypes for their children with respect to this trait. 


()!4) What are the Phenotypes and Genotypes for the blood groups for the children of each couple? 


A) IIe X PIP B)PIP X IPI 
C) Hybrid man A X pure woman B. D) Man Rh+ X woman Rh-. 


© 15) A man with blood group A got married with a woman with blood group B, Rh is positive for both, they had two 
children one of them with blood group O- and the other one with blood group A+, what are the Genotypes for the parents 
and the children? 


16) In which cases is the fetuslife in danger, with explaining the reason, when the embryo is with Rh+: 


A) When the man is Rh- and the woman is Rh+. 
B) When the man is Rh+ and the woman is Rh-. 


(17) Mention the reasons of blood transfusion failure in some cases? 

Oia) Explain ibe following: 

1. The people with blood group (O) are described as general donors. 

2. When crossing creeping cock with creeping chicken, the quarter of the product was dead. 

3. Appearance of dusty individuals when crossing female sheep (short horns, red hair) with male sheep white hair. 
4. Mongolian is regarded as chromosome mutation. 

Q19) A plant with long stem, how can you know about of the purity of the dominant trait in it? 

Q20) Is it possible and why? 

1. Having a child blood group (O) from mother (B)and father (AB). 

2. Blood Transfusion from any person to another one who is same blood group. 


3. Finding unlimited number of Alleles for each gene. 


Q21) Write the responsible Gene about: 


1. Baldness 2.-Hemophilia 3.Chinchilla rabbit 4.Color Blindness 5.Sickle-cell anaemia. 
(222) Mention the difficulties which the scientists faces when doing genetic experiments on human. 
()23) Mention the steps which the techniques of Genetic Engineering include. 


Q24) Explain by drawing the method of transferring insulin gene in the human to bacteria and obtaining a hybrid 
gene (Reformed). 


O 25) Compare between the molecules of DNA in each of the Nucleus and the cytoplasm. 
U 26) Do the functions of some genes be affected by the environmental circumstances? Explain by giving an example. 


O 27) When does Paramecium orelia becomes killing and when does it become sensitive, Mention the genotype for each. 


O 28) What is the relation between the plasmid and the rDNA? 
O 2%) The following symbols represent succession of Nucleotides in the DNA molecule. TAC GGT CTC AGC 


1, What is the succession of copy of mRNA produced from the above succession? 
2. What are the Anti-Codons in tRNA which is linked to the copy of mRNA as above? 


(240) Probe is regarded as a chain for DNA or RNA mono recognized by radiated material or by florescent color. How 
do the genetic scientists use it to determine the location of rDNA? 


